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The effect of very high intensity ultraviolet radiation on 
powdered calcium, barium, strontium and lithium azides in the temperature 
range -80,0° - 35,0°C has been studied. Powdered and pelleted calcium 
azide was also irradiated with ultraviolet radiation in the temperature 
range 35,0° - 90,0°C and powdered lithium azide in the temperature 
range 24,0° - 170,0°C. All these decompositions were purely photolytic. 
Powdered and pelleted calcium azide was also subjected to ultraviolet 
radiation in the temperature range 110,0° - 140,0°C. This latter 
decomposition was termed co-irradiation due to the fact that both thermal 
and photolytic mechanisms were operative in this temperature range. 
Except at low temperatures, the extent of the decomposition was almost 
the same as that of a simple thermal decomposition. 
Kinetic analyses, determination of activation energies, studies of the 
dependence of reaction rates on light intensity, the effect of introducing 
water vapour to the sample at various stages of decomposition and the 
observance of the colour of the sample at various stages of reaction have 
been carried out. .Analogous results were obtained for all four azides at 
low temperatures and the results obtained for calcium and lithium azides 
at ambient and higher temperatures were analogous to those obtained for 
barium and strontium azides under similar conditions by previous workers. 
During photolysis the activation energy undenvent transitions, in all 
four azides, in the region of 0°C and in the region of 60°C. 
Co-irradiation studies of calcium azide corrnnenced at temperatures 
greater than 100°C. Similar studies were not carried out on lithium azide 
since even at temperatures in the region of 180°C the rate of photolytic 
decomposition was very much greater than that of a purely thermal decomp-
osition at the same temperature. 
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2 INTRODUCTION 
The work presented in this thesis involves a study of the photolytic 
and co-irradiated decompositions of various azides. Before presenting 
the results obtained in this study it is necessary to discuss the 
effects of the interaction of light with solids and the mechanisms of 
thennal decomposition. The effects of irradiation prior to thennal 
decomposition (pre-irradiation) and of irradiation during thermal 
decomposition (co-irradiation) will then be reviewed. 
3 THE PHOTOLYSIS OF SOLIDS 
(i) 1HE EFFECTS OF 1HE INTERACTION OF ULTRAVIOLET LIQ-IT WITH SOLIDS 
A large number of crystals of inorganic solids can be decomposed by 
exposure to intense ultraviolet light e.g. azides and oxalates.l This 
photochemical decomposition or photolysis is favoured when the irradia-
tion corresponds to a characteristic absorption band of the solid. The 
reaction is usually followed by pressure measurements of the evolved ga:s at 
fixed time intervals during photolysis. When this photolytic decomposition 
is examined in detail two general features become obvious. 2 Firstly, 
in most of the cases the photolysis-producing light is not absorbed 
at the crystal surface but in a distribution below the surface. 
Secondly, in a number of cases, the decomposition process clearly takes 
place on the surface. Ultimately, however, some decomposition begins 
to take place in the interior, especially after prolonged exposure to 
light. ·when decomposition takes place inside the crystal, it is not 
uniformly distributed but occurs at well defined individual locations. 
These observations have been interpreted from two viewpoints. Firstly, 
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the solid properties are regarded as relatively unimportant except as 
a matrix for holding the reacting interface. Secondly, all the proper-
ties associated with solids, in particular the electronic properties, are 
considered. TI1is latter viewpoint, in which the electronic properties 
usually associated with that of semi-conductors and non-metals are 
assumed to be involved, provides a natural explanation for a large 
number of the effects observed in the photolytic process. 
By using ultraviolet light just within the fundamental absorption 
edge, the radiation is, for the most part, unifonnly absorbed within the 
first few microns below the incident surface. Such stimuli are then 
transferred to specific surface sites at which decomposition is initiated.3 
This has been observed in the photolysis of sodium4 and potassium5 azides. 
These surface sites are specific crystallographic locations that closely 
resemble etch pits. They also exist at crystal edges, and at the 
intersection of dislocations, and slip and twin planes, with the surface. 
The transference of the stimuli referred to above implies the 
pres.ence of an energy or charge carrier which transports the energy 
imparted by the individual photon to the point in the crystal where the 
decomposition occurs. 2 The basic fact to be considered is that by the 
absorption of a photon, the total energy of the crystal has been increased, 
and the crystal, being now in an excited state, may dispose of this energy 
in various ways. Before considering the means whereby the energy is 
transferred, it is necessary to consider the behaviour of electrons in 
solids. 6 , 7 
Consider an extra electron introduced into an ionic crystal. If we 
imagine the electron to migrate from a metal ion to a neighbouring 
metal ion, then the potential field in which the electron moves is the 
average of the field created by all the other nuclei and electrons. A 
reasonably approximate treatment of such a field can be achieved by 
considerb1g a constant potential inside the crystal modified by a 
superimposed periodic potential having the periodicity of the lattice. 
For a one-dimensional periodic potential field, the solutions of the 
Schrodinger equation have the form 
tJ; (x) ±ikx = uk (x) e 
where uk (x) is periodic with a periodicity equal to that of the 
lattice, and k is the wave number corresponding to the number of 
wavelengths contained in one full period, that is, 
k = 27r/A. 
The function uk (x) depends generally on k. At values of k equal to 
±n/a, ±2n/a, ±3n/a, etc., where a is the lattice constant, 
discontinuities occur in the energy thus giving rise to energy bands 
and forbidden energy gaps. This arises since the condition for Bragg 
reflection of the electron wave in the crystal is met, i.e. 
k = nn/a 
becomes equivalent to the Bragg condition 
2a sin e = n;>... 
The zones defined by values of k which are integral multiples of 
n/a (in one dimension) are Brillouin zones. The energy gaps occur at 
the zone boundaries. The first zone includes the segment between 
-n/a and +n/a; the second includes the two segments -2n/a < k < -n/a 
and n/a < k < 2n/a, etc. 
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The energy states within these bands are distributed in a 
quasi-continuous fashion. Electrons progressively fill all the 
allowed states starting with those lowest in energy and continuing 
until the supply of electrons is exhausted. In ionic solids, all 
the energy states in the first band are occupied hence it is tenned 
a 'full' band. The full band is separated by several electron volts 
from the next band which is completely empty. In the full band, every 
state contains its maxirnum number of two electrons and, in accordance 
with the Pauli Exclusion Principle, electronic conductivity is 
impossible. Such substances are, therefore, insulators apart from 
possible ionic conductivity. If an insulator is irradiated with light 
of suitable wavelength, frequently in the ultraviolet region, an 
electron in the full band may be given sufficient energy to be raised 
into the next band where there is an abundance of empty states. The 
excited electron can, therefore, move freely through the crystal in 
the so-called 'conduction' band. 
5 
When an electron is elevated from the full band into the conduction 
band, the gap in the full band from which an electron is missing is 
called a positive hole. When, for example, a positive hole is localized 
on any halogen ion, the latter becomes a halogen atom. An electron on a 
neighbouring ion can tunnel through to the atom, thus exchanging places 
with the positive hole. Thus mobile electrons in the conduction band and 
mobile positive holes in the full band can contribute to the electronic 
conductivity of insulators. 
The chemical activity within solids is closely connected to 
physical properties such as transport of matter, electrical conductivity, 
optical behaviour, and magnetic, thermal and mechanical properties. These 
physical properties in turn depend upon defects in electronic structure 
and deviation from ideal atomic arrangements in solids. Lattice 
defects which are arbitrarily scattered throughout the ~rystal give 
rise to regions of disturbance localized about individual points. 
Crystal defects, such as inhomogeneities, point and line defects, 
influence the energy levels available for electrons and the 
properties of growth of new phases. In addition these defects act as 
traps for energy carriers. Consideration will now be given to the 
various imperfections present in solids. 
Seitz has classified six primary types of crystal imperfections8 : 
(a) Phonons 
(b) Electrons and hol~s 
(c) Excitons 
(d) Vacant lattice sites and interstitial atoms 
(e) Foreign atoms in either interstitial·or substitutional 
positions 
(f) Dislocations. 
In addition to these he lists three transient imperfections: 
(a) Light quanta 
(b) Charged radiations 
(c) Uncharged radiations. 
Seitz states that it is possible to generate the primary types of 
imperfections listed above by irradiating the perfect or imperfect 
solid with the above three radiations and that two or mote imperfect-
ions of the same or different types may interact to generate other 
imperfections. Some of the properties of the crystal imperfections 
will be discussed with special emphasis given to those particularly 
relevant to the phenomenon of photolysis. 
6 
(a) Phonons: A phonon is a particle associated with unit quantum 
excitation of one of the modes of elastic vibration of an ideal 
crystal. Phonons of a given frequency are introduced into a crystal 
by linking the specimen with a piezo-oscillator. 
(b) Electrons and holes: At low temperatures, an insulating crystal 
does not display appreciable ohmic conductivity. If however one 
excites electrons thennally, or othenvise, the crystal will behave 
like an ohmic electronic conductor. The electron is excited from the 
filled valence band to the empty conduction band, leaving behind a 
hole. Successive jUJnps of valence electrons into empty positions 
produce an opposite net motion of the hole, in the direction of the 
electric field. Hence the tenn positive hole is used to indicate that 
the entity moves in a field as though it has a positive charge, 
although what actually happens is a net shift of the valence band 
electronsin the opposite direttion. 
(c) Exciton: On irradiating an insulator with light of wavelength 
less than that of the gap between the valence and conduction bands, 
electrons from an anion may be excited to exciton levels which exist 
between the valence and conduction band. These levels can be thought 
of as corresponding to possible Bohr orbits with their convergence 
limit at the lowest level of the conduction band. An electron-hole 
pair is produced and the electron is bound to the positive hole by 
coulombic attraction. If this excited electron-hole pair remains 
fixed at a specific location in the crystal it is usually called a 
molecular exciton. If, however, it migrates throughout the crystal it 
is called an exciton. These mobile exci tons have the important 
property that they can transport energy without any char.ge transport 
occurring. Once fonned the mobile excitons migrate throughout the 
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crystal until they interact with any centre or defect which upsets 
the coulombic attraction between the two charges. Once this inter-
action occurs, the two charges recombine, or neutralize, with the 
release of a certain amount of energy. Usually the energy released 
when an exciton is destroyed is tenths of an electron-volt less than 
the band-gap energy. · Excitons can also dissociate thennally to yield 
positive holes and electrons in the conduction band and thus 
aid photoconductivity. The exciton levels referred to above can be 
observed from the long wavelength edge in the low temperature optical 
absorption spectra. li"Xciton transitions have been observed in the 
optical absorption spectra of sodium, potassium, rubidium and caesium 
azides9 as well as silver and thallous azides 10' 11 in the wavelength 
range 140 - 200 nm. From these spectra the spacings between the 
exciton levels and their separation from the valence band have been 
calculated. 
(d) Vacant lattice sites and interstitial atoms: 
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(i) Imperfect crystals: The simplest defect solids are imperfect 
crystals which are defined as having a stoichiometric composition, but 
having misplaced atoms or ions throughout the structure12 • Such crystals 
do not have every atom in a position of minimum potential energy. 
Schottky defects consist of a vacant cation site and a vacant anion 
site. The two missing atoms are consiclered to have migrated to the 
surface of the crystal. Frenkel defects consist of a vacant lattice site 
with the atom which ideally should have occupied that site occupying 
a different position in the lattice such as is vacant in the perfect 
crystal. Tne concentration of defects of either type is dependent upon 
the energy required to produce them and upon the absolute temperature. 
(ii) Non-stoichiometric crystals: Non-stoichiometry is 
characterised by a solid showing an excess or deficiency of one 
component, as indicated by composition. In order to satisfy charge 
balance, any excess or deficit of cations is accompanied by a 
corresponding excess or deficit of electrons. Cation and anion 
vacancies will tend, other things being equal, to fonn a vacancy pair 
by being attracted to each other. TI1ese vacancy pairs can capture an 
electron to form the so-called 'F-centre' and a cation vacancy in the 
bulk of the crystal. 
( e) Foreign A toms: These are included in the crystal, occupying 
either interstitial sites or normal lattice sites, in the latter case 
substituting for the atoms of the host crystal. 
(f) Dislocations:· TI1ese are line defects and two basic types can be 
distinguished. One type is an edge dislocation in which an extra half 
plane of atoms is inserted into. the crystal lattice. The other kind 
is a screw dislocation which results from a displacement of the atoms. 
in one part of a crystal relative to the rest of the crystal, forming 
a spiral ramp around the dislocation line. 
As a result of the production of imperfections such as excitons 
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or free electrons and their conjugate positive holes, by the absorption 
of light of characteristic wavelengths, the total energy of the crystal 
is increased. This excess energy can now be disposed of .in various 
ways. Thus these imperfections can be considered as energy carriers 
for the transport of energy imparted by an individual photon. 
When an exciton is formed, the excited ion will interact differ-
ently with its neighbours so that, at first, :the lattice in its vicinity 
is not in its configuration of minimum energy. Consequently, the 
excited atom will vibrate about its new equilibrium position, and some 
of the absorbed energy will he connnunicated thennally to the lattice. 
1here are two main possibilities for the relative positions of the 
potential energy curves for the ground and excited state~l 3 Either 
the excited state has a minimum inside or outside the curve represent-
ing the ground state. In the fonner case the electron is excited 
optically and then loses energy to the lattice while the ions take up 
new equilibrium positions. An electron can remain in an excited 
state for about 10- 8 seconds after which it reverts to the ground 
state by an optical transition. Since the re-emission of radiation 
has never been observed in the first absorption band, the excited 
electron must make a radiationless transition to the ground state in 
less than 10- 8 seconds. In the latter case, the electron could 
remain in the excited state until a radiationless transition occurs. 
The exciton is in fact moving through the lattice at about the 
same speed as a thennal electron, interacting with the vibrational 
modes of the crystal and thus undergoing considerable scattering and 
losing kinetic energy. According to Seitz, 14 unless the exciton 
becomes trapped in a metastable state, it may transfer its energy to 
imperfections since it must pass over at least 107 ions in a lifetime 
of io- 8 seconds. 
An electron~ can also revert to the ground state by luminescence 
i.e. emission of radiation. This includes fluorescence and phosphor-
escence. The fonner involves a spontaneous re-emission of quanta of 
the same transition or of photons resulting from a return to the 
ground state by a different route. Phosphorescence occurs when the 
excited electron is transferred to a metastable state from which a 
direct transition to the ground state cannot occur. 
10 
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Mlen a photon is absorbed by a crystal the absorption process 
usually involves one or more defect centres, The defect centres 
include colour centres, trapping centres, impurity ions, etc. When 
an interbru1d absorption occurs an electron is removed from the 
valence band and, providing the energy is sufficient, is injected 
into the conduction band. In the conduction band the electron then 
migrates until trapped by one of a variety of different kinds of 
trapping centres. The hole may also migrate aJ1d be trapped by a hole 
trap. The lifetime of the migrating hole is usually less than that 
of the migrating electron. Hole traps have a high probability of 
capturing electrons. Hence holes aJ1d electrons recombine and energy 
is released. 
Owing to the electron traps, hole traps Md/or recombination 
centres on the surfaces of crystals, electronic processes occurring at 
these surface sites or surface states CaJ1 release sufficient energy to 
produce reactions at the crystal surface. Also defects or impurities 
in the crystal lattice or Tamm states 1 5 (a consequence of the quantum 
mechanical nature of the electronic properties of the crystal) are 
responsible for trapping free electrons aJ1d their conjugate positive 
holes, and excitons. 
In a photolytic reaction, the nature of the trap, i.e. the 
particular defect, impurity or surface state. acting as a decomposition 
site, need not be identified. TI1e electronic processes associated with 
the decomposition site are, however, quite specific. Tne first step 
in the electronic process occurs when the site traps an electron, 
a hole or an exciton after which it is considered to be in its 
first excited state 1vhich may last for a few naJ1oseconds or even a few 
days. The excited site is now capable of trapping an oppositely 
charged carrier, for example, or an exciton and of releasing 
sufficient exciton potential energy to facilitate a photolytic 
reaction. 
PJ.1 electron excited into the conduction band can be trapped 
immediately or migrate through the band and then be trapped at a 
trapping centre. The pertinent defect responsible for this trapping 
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is the absence of an anion from its nonnal negative lattice site. The 
result of the trapping is the production of an F-centre, one of the 
simplest colour centres. The existence of F-centres was first 
suggested by de Boer.16 Evidence that anion vacancies are actually 
formed was derived from precise density measurements17 and theoretical 
calculations18 which shrn1ed that the number of F-centres determined 
optically agrees with the number of anion vacancies required to give 
the observed changes in density. AA F-centre absorbs in the visible 
region of the spectrum and is observed when ionic solids, in particulaT 
the alkali halides, are e)qJosed to ultraviolet light, X-radiation or· 
electronic bombardment, exhibiting a deep colouration characteristic 
of the crystal as a whole. The optical absorbtion of an F-centre 
arises from an electronic dipole transition to a bound excited state 
of the F-centTe. 19 , 20 Extensive work carried out by Pohl21 has shown 
this colouration to be due to a bell shaped absorption band in the 
region 400 - 800 nm. · A structure of an F-centre as an electron 
bound to an anion vacancy has been confirmed also by e.s.r. data14 
and the centres have been identified by e.s.r. methods in sodium 
azide when irradiated \·.:ith ultraviolet light at 77K.22,23,24 
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When, for example, a stoichiometric alkali halide crystal is 
coloured, electrons are elevated from the full band into the conduction 
band by radiation and are subsequently trapped at anion vacancies. 
Each F-centre must be accompanied by the formation of a positive hole 
in the full band. By analogy, we would expect that the holes could 
become trapped at cation vacancies and thus give rise to a different 
type of absorbing centre. Similarly, crystals containing a 
stoichiometric excess of the electronegative constituent ought to 
contain the same centres. Potassium bromide was annealed in bromine 
vapour and a new set of absorption bands at the short wavelength side 
of the F-band appeared? 5 , 2 6 These have since been called the V-bands. 
(V1 to V5 have been distinguished) 14 and identified with centres 
formed by the interaction of positive holes with cation vacancies. 
V-centres have been observed from the ultraviolet absorption spectrum 
of sodium azide at 77K. 23 
Photoconductivity can arise when crystals containing F-centres 
are irradiated within the F-band. The excited state must therefore be 
sufficiently close to the conduction band for the electrons to be 
ionized thermally. The free electrons will then wander through the 
crystal in a Brownian motion manner until retrapped. In the presence 
of an applied field, the effective distance travelled in the direction 
of the field to the point of retrapping will have a certain average 
value w. · In potassium chloride at 170K, the value of w is inversely 
proportional to the concentration of F-centres, and consequently it 
follows tbat an anion vacancy can trap two electrons. Irradiation in 
the F-band has confirmed this. 14 The band is bleached, and at 
sufficiently low temperatures, a broad band called the F' -band appears 
on the long wavelength side with a peak between 600 and 800 nm.27,28 
The band decomposes on wanning, the F-band beingregenerated. The · 
quantum efficiency for the destruction of F-centres is found to be 
two2 7 as it should be since each electron liberated combines with a 
second F-centre to fonn an F'-centre. If the crystal is now 
irradiated in the F'-band, the F-band is regenerated and the quantum 






-+ c:J + e 
EJ 
where D = anion vacancy 8 = F-centre EJ ' = F '-centre 
(This symbolism for anion vacancy, F-centre and F'-centre will be 
adhered to throughout this thesis unless othenvise stated.) 
It has been shown that a potassium iodide crystal possesses an 
absorption peak just on the edge of the fundamental absorption band. 29 
l~1en the crystal is irradiated in the F-band such that F'-centres are 
formed, the s-band, as it is called, is also bleached. Simultaneously 
a new band called the a-band emerges on the long wavelength side of 
the s-band, but still close to the main lattice absorption edge. 
Heating to decompose the F'-centres causes the a-band to disappear and 
14 
results in an increase of the s-band and the F-band, which are restored 
to their original value. Crystals irradiated at very low temperatures 
show an a-band but no F'-band, hence excluding the possibility of 
these two bands being due to the same centre. The a-absorption band 
is caused basically by an exciton being trapped at an F-centre, 
whereas the a-absorption band results from an exciton being trapped at 
an anion vacancy. 30 This a-absorption band is due to a perturbation 
caused to the exciton levels by a neighbouring anion vacancy, leading 
15 
to exciton levels somewhat lower than the nonnal exciton level so 
that a new peak, the a-band, appears superimposed on the nonnal , 
lattice absorption edge. The S-band occurs between the a~band and 
the main exciton level and is due to promotion of electrons to 
perturbed exciton levels in the immediate neighbourhood of F-centres. 
Thus exciton formation occurs in the a-band and not-the S-band on 
irradiation within the F-band, owing to enhancement of perturbations 
on ions adjacent to those bleached F-centres or anion vacancies. 
Absorption within the a-band is accompanied by fluorescence. 
This observation implies that the exciton formed is trapped by the 
anion vacancy and the resulting complex does not dissociate into an 
F-centre and a free positive hole. 
111e a- and S-bands were first found in potassium iodide where the 
polarizing effects of the vacancies on the anion would be most important, 
but they have since been observed in potassium chloride and bromide 
as well as in rubidium chloride.31 
After irradiation within the F-band at room temperature a rather 
broad band at the long wavelength side of the F-band is often developed 
simultaneously. This band has been called the M-band. 32 Usually other 
absorption bands, situated between the F-band and the M.,.band, the so-
called R- and N- bands are formed simultaneously. The R1 - , R2 - and 
M-centres are found to be clearly associated with various combinations 
of electrons 1vi th vacancies. An M-centre is formed by the combination 
of an F-centre with a cation-anion vacancy pair. 14 If an M-centre 
captures a second electron it will be unstable and the cation vacancy 
may diffuse away leaving a double F-centre, identified with the R2 -
centre. If an R2 -centre loses one of its electrons to a nearby trap 
e.g. an anion vacancy, M-centre or a vacancy pair by the tunnel effect, 
it becomes the R1 -centre. Tims we have: 
where 0 = 




























Q = F-centre 
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+ 0 
0= anion vacancy 
TheseR-, M- and N-bands have been found in potassium chloride32 ,33 
and in sodium azide. 2 4 At about .373K irradiation in the F-band yields 
a very broad band called the R'-band on the long wavelength side of 
the F-band. At low temperatures it is not resolved and probably 
contains a large number of components formed by the combination of 
electrons with groups of vacancies including the R1 -, R2 - and M-centres. 
1.1ie rate of conversion of F-centres to R'-centres increases with 
temperature but beyond the equilibrium point at about 773K the 
dissociation of R'-centres into F'-centres and vacancies is virtually 
complete. 
Irradiation with1n the F-band also causes some bleaching of the 
V-bands. A V1 -centre appears when a crystal is irradiated with X-rays 
at liquid air temperatures, but warming to 128K causes this band to 
be bleached with a marked reduction in the size of the F-band. This 
results in the photoconductance and lurninescence - thus supporting the 
model of a positive hole trapped at a cation vacancy for the V1 -centre. 
Bleaching of the F- and Vi-bands occurs with low quantum yield owing 
to the low probability of thennal ionization of an electron from 
the excited state of an F-centre. These free electrons annihilate the 
trapped holes. Vi- and F-bands are bleached simultaneously by 
irradiation within the Vi-band through recombination of electrons and 
holes. The Vrcentres are bleached by irradiation within the F-band 
at room temperature which is too high a temperature for the V1 -centres 
to be stable. Temperatures greater than room temperature are needed 
to bleach the Vrband. This band is bleached when the crystal is 
irradiated simultaneously with F- and V-light. This supports the 
theory that V2- and Vrcentres comprise two holes trapped by two 
cation vacancies, and one hole trapped by two cation vacancies respect-
ively. The V1 -centre is the antimorph of the F-centre, the V2- and 
V3 -centres are the antimorphs of the R-centres and the V4 -centre is 
the antimorph of the M-centre. Other centres which have also been 
investigated are H-centres, 34 which are possibly holes trapped by 
vacancy pairs, U-centres 35 and Z-centres14 which consist of electrons 
captured by divalent ions. 
In order to free electrons thermally from F-centres, energies of 
about 2 eV in the alkali halides are required. 36 Thus no bleaching is 
expected at room temperatures because of the small probability that 
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a trapped electron can escape from an F-centre on acquiring a small 
amount of thermal energy. Bleaching can occur by tunnelling through 
the potential barrier. A process of recombination with nearby positive 
holes and with Vr and V3-centres then occurs. 
The phenomena described above all represent effects of irradiation 
on crystals. TI1e significant feature of prolonged photolysis of salts 
such as azides, for example, is that unifonn illumination of the 
surface results in the separation of discrete metallic nuclei. The 
rate of photolysis is constant and is unaffected either by discontinu-
ous irradiation or by the continued separation of the metallic 
product. The basic fact to be explained is how uniform illumination 
results in the growth of discrete nuclei. Mott37 in 1939 was the 
first to put fonvard a real theoretical explanation of photolysis 
when he proposed a photolytic mechanism for the photolysis of barium 
azide, based on the work of Garner, Ivlaggs and Wischin. 38,39 
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Mott treated the solid barium azide as an ionic conductor with 
mobile metal ions in interstitial positions. On irradiation, electrons 
and positive holes were formed, which were able to diffuse through 
the crystal lattice. Unspecified 'sensitivity specks' caused trapping 
of the electrons, resulting in neutralization of the mobile metal 
ions at these trapping sites. This led to an accumulation of metal 
atoms, producing product nuclei which grew. He then postulated a 
secondary growth mechanism whereby further electrons were trapped by 
the metal to form metal anions, which then neutralized the mobile metal 
cations, leading to further product fopnation. 
Mott's mechanism was able to account for the observed formation 
of nuclei on the surface of crystals, accompanied by the evolution of 
a gas. Subsequent workers have criticized and modified Mott's original 
mechanism and many other mechanisms have been postulated. 
A review will now be made of the work done on the photolysis 
of barium, strontium, calcium and lithium azides. The photolysis of 
other inorganic azides in particular and inorganic compounds in general 
will then be discussed. 
(ii) TI-IE PHOTOLYSIS OF Tiili ALKALI -EARUI AZIDES 
(a) PJzotolysis of Baxiiwn Azide 
Thomas and Tompkins made a detailed analysis of Mott's theory3 7 
of the mechanism of decomposition of metallic azides and proposed an 
alternative approach involving the production and trapping of 
excitons.40 Using a low pressure mercury arc in the temperature 
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range -106° 45°C they found that, when light of wavelength 253,7 nm 
was used, the rate of photolysis was constant at constant temperature 
and constant light intensity. The rate varied as the square of the 
light intensity at constant temperature but increased in a complex 
manner with variation of temperature at constant intensity. The 
primary excitation process was considered to be exciton fonnation and 
the production of nitrogen. This resulted from the bimolecular 
reaction of excitons at imperfections which were identified tentatively 
as vacant lattice sites. 111e metal product apparently played no 
significant part in the reaction. 40 Boldyrevet az.45 have proposed 
that the minimum processes in the photolysis of any azide are 
ki 
N3 + + N3o + e 
k2 + k3 
N2 
The rate of these elementary steps depends on energy criteria, the 
lifetime of the excitations and the concentration and mobility of 
the excitations. 
Baidins suggested that the metallic reaction product of the 
photolysis of barium azide is not photochemically inert.41 Further 
investigations were made of the photolysis of barium azide42,43,4 4 and new 
kinetic measurements were made using high and low pressure mercury lamps 
over the temperature range -25° - · 25°C. The barium product formed 
as a result of photolysis was found to play an important role. 
Jacobs et aZ. 44 consequently proposed two mechanisms. The first 
mechanism, found to occur chiefly in fresh salt, concerned the form-
ation of barium atoms (pre-nuclei) and the second mechanism concerned 
the thermal production of holes by the.transfer of electrons to 
barium pre-nuclei which have been ionized by the photoemission of an 
electron into the conduction band. The rate of photolysis first 
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decreased and then increased after which it became constant, when light 
of wavelength 253,7nm or a lamp emitting a more or less continuous 
spectrum wi_th the principal mercury lines superimposed was used. 
The initial rate was found to be proportional to the square of 
·the intensity and initially the activation energy was about 5 Kcal./mol. 
This is interpreted in terms of the bnnolecular recombination of 
exci tons at an unidentified trap T, 
N - T 3 
hv 
+ +- + +-
Repetition of this process within the (relatively long) life-time of 
[N3T]-* gives two adjacent excited azide ions, 
hv 
N - [N T]-* +· 3 3 +- + +-
which can either revert to the ground state or undergo chemical 
decomposition, 
-* 
[N3TN3]-* Ba2 + + 
5 Kcal./mol. 
where D = anion vacancy * 
Ba + 3N2 + D T 0 
excited state of the anion 
or complex. 
As photolysis proceeds, the rate decreases to a minimum value at which 
stage the square law ceases to apply. It is thus clear that the 
number of traps T decreases steadily. After the minimum, the rate 
of evolution of nitrogen increases .again at constant intensity to a 
constant rate proportional to the intensity. 
Developing Baidins' suggestion, the possibility of photoemission 
from barium atoms was considered the reason for the increasing rate 
period, the generated electrons causing an acceleration of the 
reaction by facilitating the combination of excitons and radicals. 
Barium metal was thought to form via aggregation of barium atoms. 
lw 
Ba+ Ba + + + e 
Ba+ + N3- /:.,, Ba + N3 20 Kea]. /mol .-+ 
hv 
N3- + -* +. N3 
N3-* + N3 + 2N3 + e 
Ba + Ba2+ + 2e 
A study of the dark rate indicates the following purely thermal 
mechanism. 
kT 
Ba + Ba2+ + (Ba2) 2+ 
Electrons are then transferred from azide ions to the positively 
charged barium and the positive holes react together. 
This cycle of events can continue until all the pre-nuclei have grown 
into large specks of barium .. 
The importance of the wavelength of the ultraviolet light on 
the photochemical decomposition of barium azide has been widely 
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investigated. In the study by Jacobs et al. referred to above,44 
the effect of filtering the 253, 7 run wavelength from the source 1v-as 
investigated. It was concluded that the 253,7 nm wavelength was 
responsible for the acceleratory reaction. Verneker46 found that 
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light of wavelength 184,9 + 253,7 nm or light of wavelength 200 - 300 nm 
gave rise to the.rate-time plot reported by Jacobs et al. above. 
However, he found that, unlike the Tesul ts of Jacobs et al-. , light of 
wavelength 253,7 nI'.1 produced no acceleratory reaction and the product 
after each reaction, regardless of temperature, gave a positive 
nitride test. Barium nitride showed an acceleratory reaction when 
photolysed with light of wavelength between 200 - 300 nm. Vemeker 
stated that firstly, the initial decrease in photolytic rate seemed 
to be caused by the gradual consumption of defects originally present 
which are helpful to the reaction. As the reaction proceeds metallic 
specks are produced 1-.rhich initiate a second process. ·This process is 
based on the photoemission of electrons from the metal and keeps the 
photolytic process going. After reaching the minimum, an acceleration in 
the photolytic process is caused by the photodecomposition of the 
nitride. Thus an acceleration in the photolytic rate can be expected 
if light capable of photoionizing the metal atoms (formed during 
photolysis) is used as a photolyzing source. During irradiation with 
. A > 170 nm, no photocurrent was detected and thus the transition is 
to a bound excited or exciton state. Moreover, since the band has 
vibrational structure, the excitons must be trapped on the molecule on 
which they are fanned, i.e. the excitation is probably an internal transition 
to a low lying excited state of the azide ion. Irradiation at below 
155 nm gives a temperature-independent photocurrent that probably results 
from a direct electron transition from the valence to the conduction band 
Tompkins 3 has suggested that the photolysis of barium azide 
could involve the ·trapping of excitons at anion vacancies. This 
incorporates the production of the N2 - ion which is stable at room 
temperature and of which the rate of production is linearly depend-
ent at first on intensity. TI1e existence of the N2 - ion has been 




and can then decay in two ways : 
(i) 
where 0 = anion vacancy 
EJ' = two electrons trapped at an anion vacancy (F' -centre). 
The F'centre may now react with a lattice Ba2+ to give the embryo 
nucleus, the Ba atom. At the surface, bimolecular combination of 
nitrogen atoms produces gaseous nitrogen. 
Prout and Sears4 8 have studied the photolysis of the pellets of 
powdered dehydrated barium azide monohydrate in the temperature range 
-197° - 20°C using both high and low pressure mercury lamps. Under 
certain conditions good reproducibility was obtained. The resulting 
pressure-time plots always displayed periods of acceleration and 
protracted decay. The acceleratory reaction varied as the square of 
the light intensity implying a bimolecular reaction involving two 
excited ions. The following mechanism was proposed for the initial 
acceleratory reaction in the temperature range 0° - 20°C, initiation 
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TI1ese excited ions are trapped at anion vacancies 
These entities may react on neighbouring sites, 
Then, 
-* 
(N3 02 N3)-* 
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(excited ion). 
The formation of separate anion vacancies and electrons are postulated 
rather than isolated F-centres owing to the instability of the latter 
at the temperature of irradiation. Barium atoms are formed by the 
reaction 
Ba2+ + Ze + Ba. 
This mechanism has been supported by e.s.r. measurements which have 
detected N2 - ions. 47, 49 The reaction accelerates because of the 
·production of new anion vacancies. The layer of product consists of 
colloidal Ba in a matrix of Ba(N2) 2 . Aggregation will eventually take 
place followed by the formation of discrete nuclei of the metal. 
Photoemission then occurs44 
Ba hv Ba + + + e n + n 
hv 
N - + N2-* 2 + 
Ban 
+ N2-* N2 Ban + + + 
This is a unimolecular reaction with respect· to N2 - ions in accordance 
with the observed dependence of the decay reaction on the first 
power of the light intensity. No dark rate was observed when the 
light was switched off, but an increase in the rate of photolysis 
was observed following the dark period. This fact was explained by 
assuming that during the dark period aggregation of Ba atoms continues 
and some aggregation occurs. 
At the lower temperature range (0° - -197°C) a free radical 
type of reaction was proposed: 
hv 
N3- + -* + N3 . 
2N ~ 3 + 2N3 + 2e 
e + 0 + c:J 
N3 .... N3 - + N4- + N2 
N3 N + N2 
N + N3 N2 + N2. 
Prout and Shephard50 have recently studied the photolysis of 
barium azide in the temperature range 27° - 100°C. Two definite 
temperature dependent regions were studied i.e. 27° - 60°C and 60° 
- 100°C. In the 27° - 60°C region, and indeed over the whole range, 
the most effective wavelengths for the photolysis of barium azide were 
in the region 220 - 280 nm. These wavelengths were of less energy 
than that required for the fonnation of positive holes and electrons 
and it was assumed that absorption leads to excited azide ions rather 
than excitons. Ba atoms were fonned on the surface and on the planes 
of the crystal, each plane starting at the surface at an emergent 
grain boundary. l\Tuclei were fonned by aggregation at the end of the 





+ N -* 3 • 
The excited azide ion adjacent to a ground state azide ion at a 
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surface defect S (probably an anion vacancy) then reacted with a barium 
ion: 
Ba + 3N2 + S 
Fonnation of barium metal nuclei during the induction period in the 
60° - 100°C range was thought to occur according to the following 
mechanism: 
11\! 
-* N3- -+ N3 + 
ti 
Ba+ Ba2+ + N3- -+ + N3 
N3 + N3-* + 3N2 + e 
Ba+ + e -+ Ba 
Below 60°C the rate of nucleus growth was found to be dependent on the 
square of the light intensity, indicating that the overall mechanism 
must involve the decomposition of two excited azide ions. The 
mechanism proposed involves the formation of barium ions and electrons 
via the photoelectric effect and subsequent reaction with excited 
azide ions: 
h\! + 
Ban -+ Ban + e (1) + 
h\! 
N3 - -+ N3-* (2) + 
+ !'::. 
Ba N -* Ban + l 3 -+ + N3 (3) n 
N3 + N3-* 3N2 + 20 + e (4) 
3N2 + D + GJ 
The F-centres collapse as follows: 
2 EJ 2 D + 2e 
and then the barium metal nuclei grow, 





Between 60° and 100°C the mechanism proposed for the acceleratory 
period is identical to that shown above except for step (3). At 
temperatures above 60°C there is sufficient thennal energy for the 
thermal transfer of an electron from the ground state azide ion to a 
Ba+ ion fanned via the photoelectric effect. Thus in this step we 
have: 
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Rate determining step. 
This mechanism is in accordance with the observed linear dependence of 
the rate of photolysis on light intensity. 
Over the whole temperature range the decay period was simply 
considered to be a continuation of the process occurring during the 
acceleratory period. Similar mechanisms were proposed for the 
decomposition of pellets in this temperature range. 
There is much speculation on the existence of the various 
radicals proposed in the different mechanistic pathways suggested 
whereby azides undergo photolytic decomposition. The radical N3 still 
eludes e.s.r. spectroscopists. It is well known in the gas phase and 
has probably been formed in liquid phase pulse experiments with 
aqueous azide ions. At 77K, using glassy aqueous solutions, no N3 
was obtained, possibly due to molecules dissociating to give nitrogen 
molecules and atoms. 51 N3 has been reported in an infrared study of 
discharged nitrogen deposited at 4 , ZK. 5 2 N 3 2 - has been characterized 
in a study of bariwn azide irradiated with ultraviolet light.53 
According to Symons et al. 54 , 55 N3 radicals have life times long 
enough for them to interact with neighbouring azide ions: 
and 
Both these reactions have a similar probability of occurring and both 
are considered more probable than 
and 
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The existence of the N2 - and N4- species has been well established~ 7 • 61 • 62 




+ N.3 + e 
(b) Photolysis of Strontium and Calcium Azides 
Most of the studies on strontium azide have been done in conjunc-
tion with barium azide and analogies sought between the twn in their 
modes of decomposition. 56 , 38 , 43 , 57 Prout and Shephard50 have recently 
investigated the photolysis of strontium azide in the temperature 
range 30c - 90cC. The process of photolysis differs in the regions 
30c - socc and soc - gocc. In the temperature range 30c - socc, the 
rate of photolysis is found to be proportional to the square of the 
light intensity throughout the reaction. In the range soc - gocc the 
same relationship is observed, TI1e plate-like nuclei are considered 
to grow two-dimensionally, increasing from a fixed number of centres 
as was found for barium azide. The fonnation of the strontium metal 
nuclei at the end of the induction period of photolytic decomposition 
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Reaction then takes place with an Sr 2+ ion when there are two singly 
excited azide ions at a surface defect S 
+ 3N2 + Sr + S .. 
This mechanism is in accordi:lllce with the dependence of the rate of 
photolysis on the square of the light intensity. In the temperature 
range 50° - 90°C, the following mechanism is proposed for the 
corresponding period of decomposition. 
hv 
N3- -+ N3 -* + 
Sr2+ + N3-* ~ Sr+ + N3 
N3 + N3-* -+ 3N2 + e 
Sr+ + ·e -+ Sr 
Two mechanisms are postulated for the growth of the strontium nuclei 
during the acceleratory period of photolysis in the temperature range 
30° - 50°C. Both are in accordance with the dependence of rate on the 
square of the light intensity. The first mechanism is as follows: 
hv 
Srn 
::+- Sr + + n 
+ e (1) 
hv 
N3 - -+ N3-* (2) + 
30 
hv 
N3-* + N3-** (3) + 
11 
N3-** + Sr+ + Sr + N3 * (4) 
N/ + N3- 3N2 + e + 20 (5) 
3N2 + EJ + 0 (6) 
2 EJ + 20 + 2e (7) 
Sr + 2e n 
+ Sr 2+ Srn+1 (8) 
where 0 = anion vacancy D = E-centre. 
In the second mechanism, step (3) above is replaced by 
i.e. energy is transferred from an excited ion to an adjacent 
excited azide ion. 
In the temperature range 50° - 90°C an increase in the activation 
energy requires a modification to the mechanism postulated above: 
Srn 
N3 
Sr + + N3-* 
n 
N3 + N3-* 
2 El 












n + e 
N3-* 
Srn + N3 
3N2 + e + 2 D 
3N2 + EJ + D 
2 D + 2e 
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The decay period is considered to be a continuation of the acceleratory 
period and the same mechanisms are proposed. 
Little work has been done on the photolysis of calcium azide 
although Tompkins and Young ss, 59 have studied the thermal decomposition 
of the salt after pre-irradiation with ultraviolet light. The result 
of the pre-irradiation was, firstly, to increase the number of growth 
nuclei as a result of the additional production of anion vacancies. 
Secondly, it was found that the growth, as well as the formation, of 
these nuclei took place during irradiation.· 
Prout et az. 1 37,16 8 have also made a study of the thermal decomposition 
of unirradiated calcium azide as well as of the azide pre-irradiated with 
y-, X- and ultraviolet radiation. 
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(iii) 1HE PHITTOLYSIS OF THE ALKALI-METAL Ai\JD OTHER INORGAl'.JIC AZIDES 
Mechanisms for the obsenred photolytic decompositions of sodium, 
potassium and lithiwn azides have been postulated with correlations to 
the already proposed mechanisms for the photolysis of barium azide. 
Jacobs et al. 50 have compared the kinetics of sodium and potassium azides 
with data previously obtained for barium azide.4 4 Potassium and sodium 
azides bothshowed an initial deceleratory reaction. Potassium azide 
showed a subsequent acceleration after which the rate of photolysis 
became constant. Sodium azide showed no subsequent acceleration. 
Filtering the arc with water made no difference to the rate-time plot of 
sodium azide but completely removed the acceleratory period of potassiwn 
azide. Preswnably the acceleratory period of the latter depends on light 
of wavelength 184,9 nm and the initial deceleratory reaction on light of 
wavelength 253, 7 nm. Two mechanisms appeared to be involved in the 
photolysis of these azides. A mechanism was proposed based on measure-
ments from absorption spectra,43 photo-electric properties,43,53 colour 
centre absorption bands54,55,55,23 and e.s.r. data22,24,57,68,69,70~71 ,53 
to date. The primary process involved 253,7nm radiation and produced the 
excited azide ion N3-*. Tnese excited ions were destroyed at adjacent 
imperfections as follows: 
hv 
N3- + N3-* + 
N3 -* + N3-* + N4- + 8 + N2 (1) 
N3-* + N3-* N2- + El + 2N2 (2) 
N -* 3 + N3-* + EJD .+ 3N2 (3) 
where El F-centre EJD = F2+-centre 
\ 
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In route (3) the extra electron must be trapped by the site or by a 
metal atom. The e.s.r. evidence indicates that (2) dominates in 
potassiwn azide at low temperatures. 53 , 69 , 7 0 Route (3) is important in 
sodium azide. 24 N4 - and N2 - have not been identified in sodium azide but 
F- and Fi-centres have been detected. Symons et az.ss have proposed that 
in the case of sodium azide the following occurs: 




On warming irradiated potassium azide from low temperatures V-centres 
bleach, the N2 - resonance decreases, the N4 - resonance increases but nitrogen 
is not evolved. Possibly the following reaction occurs: 
followed by aggregation of F-centres with eventual formation of metal. 
For sodium azide aggregation of F- and F2 +-centres leads to the formation 
of metal specks. The measured life-time of the N4 - ion in potassium az.ide 
at room temperature means that it is in all probability responsible for 
the dark reaction: 
N + N 
The acceleratory process in potassium azide involves the metallic product. 
In crystals containing metal specks, photons of the requisite energy will 
result in photoemission of electrons from the metal into the 
conduction band. Presumably azide ions adjacent to the specks then 
decompose and nitrogen is produced. Owens 72 has found that the rate of. 
growth of paramagnetic centres in potassium azide is proportional to the 
square of the light intensity. He proposed that the first step in the 
photolytic process is the excitation of the azide ion by light of 
wavelength 225 nm. The ability of this ion to decompose is determined 
by the density of the excitations, involving presumably an exciton and 
an associated impurity defect . 
The absorption spectra9 of sodium and potassium azides are very 
similar m1d thus it seems unlikely that the explanation for the lack of 
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the acceleratory process in sodium azide lies in the energy band structure 
of the .salt. Jacobs and Tariq Kureishy73 showed that two mechanisms are 
operative for the decomposition of sodium azide. The salt showed that, 
after exposure to nitrogen gas, an acceleratory reaction, followed by a 
constant rate, occurred. EA'Posure of the photolyzed azide to nitrogen 
resulted in diffusion into the partly decomposed crystal.and reaction 
with the metallic product. Tnis surface chemisorption is sufficient to 
prevent the catalysis of the photolysis by sodium metal until the metal 
has been reformed. 
The deceleratory reaction was proportional to the square of the 
light intensity and the following mechanism was proposed: 
N -* + S 3 






3N2 + 80 + s-
El 0 = F2 +-centre. 
F2+-centres have been shown by absorption spectra and e.s.r. measure-
ments24 to be the major product at low temperatures. This centre is 
unstable at room temperature and we get: 
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Na+ + [10 Na + 2 0 
where 0 anion vacancy . 
Whether or not the site S can hold an extra electron permanently 
depends on its nature. It may shed it to form a second Na atom. 
Na + S' 
where S' differs from S since it is now associated with two sodium 
atoms and two anion vacancies. Eventually a stable nucleus of sodium 
forms, the rate of formation being a deceleratory process since 
potential nucleus-forming sites S are being steadily consumed during 
the reaction. 
1he subsequent constant-rate reaction in the photolysis of sodium 
azide is due to the growth of these nuclei and the formation of 
colloid centres. 6 7 Photoemission from the sodium specks occurs and 
electrons may tllill1el from excited azide ions to be trapped by nuclei 
which have become ionized by the light. 
hv 
Nan -+ Na 
+ 
+ + e n 
N3 -* + Na + n Nan + N3 
N -* 3 + N3 3N2 + 20 + e 
T'ne electrons produced are trapped by anion vacancy pairs forming 
F2+-centres which t11en react with Na+ to form Na atoms, the net result 
being 
2 2Na+ Na + e + 
11 
Repetition of this cycle leads to growth of the nucleus. 
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Jacobs and Tariq Kureishy 73 have studied the photolysis of 
rubidium and caesium azides. Rubidium azide resembles potassium 
azide in that the rate of photolysis at first decreases, passes through 
a minimum and then increases, finally attaining a constant value. 111e 
rate of photolysis of caesium azide decreases, becomes constant for a 
.brief period and then decreases again before becoming constant. 
Three mechanisms are thought to be responsible for the rate-time curves. 
TI1e first two mechanisms as proposed above for barium azide are 
considered valid. 44 The third is considered to involve the reaction 
of excitons and excited azide ions at metal nuclei and to produce 
N4- ions. The subsequent thermal decomposition of these ions is 
responsible for the dark reaction that occurs on switching off the 
lamp. The following mechanism was proposed for the acceleratory 
reaction: 


















+ e (Mn = metal nucleus) 
(excited azide ion) 
+ D 
(anion vacancy formed) 
Prout and Sears have studied the photolysis of lithium azide.74 T).1e 
azide was photolyzed in the temperature range -60° - 20°C and a 
markedly sigmoid, highly reproducible plot was obtained. · Activation 
energies in the region 1 Kcal/mol were obtained over the whole range 
for both the acceleratory and decay period. TI1e rate constant varied 
as the square of the light intensity indicating a bimolecular reaction 
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These entities react when on 11eighbouring sites as follows: 
-* 
2(N3 Q)-* (N3 02 N3 t* 
-* 
(N3 02 N3 t* 2N3 + 2 tJ 
2N3 -+ 3N2 + 2 8 
where N3-* = excited azided ion 0 = anion vacancy 
The lithium metal then formed as follows: 
2Li+ + 2 EJ 2Li + 2 D 
The effect of the pre-irradiation with X-rays and y-rays was to decrease 
the acceleratory reaction only - probably by forming F-centres and 
thus decreasing the concentration of vacancies which are propagating 
entities in the above mechanism. 
The effect of radiation of different wavelengths on the photolysis 
of sodium, potassium, barium, lead and silver azides has been investi-
gated by Vemeker.7 5 The corrnnon feature of the photolytic decomposition 
of these azides is that when irradiated with the above sources, the 
rate of gas evolution initially decreases to a minimum value. Irradia-
tion with light of wavelength 184,9 nm + 253, 7 run causes the potassium, 
sodium and barium salts to show an acceleration which is missing when 
• 
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the latter two are irradiated with light of wavelength 253, 7 run. Silver 
azide showed an acceleratory reaction only when light of wavelengths 
between 200 and 300 :-JJTI was used. Lead azide showed no acceleratory 
reaction when light of either 184,9 run+ 253,7 nm or 200 - 300 run was 
used. All these azides, except lead azide, showed a positive nitride 
test. As explained previously, photoemission from metal specks 
produced through the consumption of defects prevented the photolytic 
rate from decreasing to zero. Tiie work functions of the metals of all 
these azides are such that. light of wavelength 184 ,9 run is sufficient to 
cause the photoemission of electrons from the metal. Thus the 
acceleration in the rate-time plot could not be attributed to this 
process. However, since no acceleration was observed with light of 
wavelength 184, 9 rJJTI + 253, 7 nm in lead and silver azides, the ionization 
potential of the metal atoms were thought to be important. A study of 
the relation between acceleration rates and ionization potentials then 
clearly indicated that the absence of acceleration in lead and silver 
azides is due to the inability of light of wavelength 184,9 run to ionize 
Pb and Ag atoms. Further, light of wavelength 253, 7 run alone is enough 
to ionize K atoms hence accounting for the acceleration of potassium 
azide when irradiated with this wavelength alone. Irradiation in the 
range 200 - 300 nm caused an acceleration to occur and this was 
thought to be due to the decomposition of the nitride formed. 
TI1e partially covalent, conducting azides have not been studied as 
intensively as barium azide. However lead, thallous and silver azides 
have been investigated and their photolytic decompositions will be 
discussed. TI1e rate of photolysis of lead azide has been found to be 
proportional to the intensity but pre-irradiation has not been found to 
enhance the rate of thermal decomposition. The rate of photolysis of 
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thallous azide was found to assume a constant value proportional to the 
intensity of the radiation. 10 The mechanism proposed by Deb et aZ. 
involved, as the essential step, the promotion of an electron to the 
conduction band thus forming an azide radical. The mechanism postulated 






Tl + Tl+ + e . -+ 
n 
N3 -* 
N3- + q 
(exciton fonnation) 
(reversion of exciton to 
ground state) 
(thermal dissociation of 
exciton) 
(recombination of exciton 
and hole) 
(combination of two positive 
holes) 
Ce-trapping and metal 
formation) 
At short wavelengths (>.. ::: 330 nm) the first three steps are replaced by: 
With silver azide an exciton can also be dissociated thermally. Silver 
specks distributed throughout the azide can be thermally ionized: 
Ag N -n 3 
An electron from an adjacent ion can tunnel through the interface and 
be trapped 
Two mechanisms are then postulated: 
(i) Interfacial excitation: 
h'<> 
Ag N3N3-
+ AgN 3~-* 3N2 Agn+1 0 + -+ + 
Ag+ 
Agn+1 D + e +. Agn+2 
(ii) Mobile exciton: 
hv 
N3-
+ N3-* + 
N3 -* -r 
Ag+ 
A~+1 D Agn N3 + + A~N3N3* + + 3N2 . 
Both these mechanisms are consistent with the observed steady fall in 
the rate of photolysis as the pl'iotolysis proceeds, and the initial 
dependence of the rate on the square of the intensity. 
The photolysis of ammonium azide has also been investigated. 76 
The reaction mechanism incorporates the species N2-, N4 -, N and N32-
all identified by e.s. r. measurements as already referred to above. 





The N3 -* and N2-thenreact with the ammonium ion, producing ammonia 
which reacts with N2 - to produce nitrogen and :NH3 - • 
Then follows : 
N + H· .+ NB 
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NH + NH3 
2N 
Deb et al. 77 have investigated the photolytic decomposition of 
mercurous azide. Til.e rate of decomposition is proportional to the 
light intensity. Nitrogen gas and a brown product, probably a nitride, 
are formed. Decomposition probably takes place by bond fission within 
the azide group. 
A study has also been made of the photolytic decomposition of 
zinc azide. 78 111e rate of decomposition was found to be proportional 
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to the first power of the intensity and the following initial mechanism 
was proposed: 
hv 
N3- . -+ N3-* + 
s + N3-* ·+ N3 S e * + 
N3 S e * + N3- -+ 3N2 
N3 S e* -+ N3 -<- + s + e 
where S is a trapping site. 
Pai Verneker et al. l 9 7 have studied the photolysis of a- lead azide at 
ambient and low temperatures. Metal present in the form of nuclei or 
small specks and produced during the photolysis, presumably initiates a 
new process. Til.e photolytk reactions in sequence are: 
h \) 
N3 + (A N3 -)* A= trap + 
(A N3 -)* + N - -+ 3N2 + (e A e) + 2 vacancies 3 
Pb2 + + (e A e) -+ PbO + aggregate of traps 
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Pb hv Pb + + photo-electric effect -+ e n + n 
Pb + + N3- -+ Pbn + N3 n 
N3 + N3 -+ 3N2 + e + vacancies. 
TI1e mechanism as proposed is in accordance with the experimentally 
detennined linear dependence of the rate on the light intensity. 
Speculations were made regarding the mechanisms at low temperatures. It 
was postulated that N4 - and N2 - ions were present, although they were not 
detected. It was thought that the reaction 
occurs at 10°C and the reaction 
occurs at 25°C. 
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(iv) 1HE PHOTOLYSIS OF ITTHER INORGANJC COMPOUNDS 
(:a) Halides 
In certain salts, notably the silver halides, the effect of 
irradiation is pennanent and results in a definite chemical change, in 
this case the separation of photolytic silver. Experimental and 
theoretical work on the photochemical reduction of solids has been 
dominated by the attention given to the silver halides. 'The prolonged 
exposure of dry crystals of silver halides to irradiation is accompanied 
by the release of halogen and the separation of silver. 79 TI1e radia-
tion is considered to be absorbed principally within the volume 
elements of the sub-structure. 'This energy produces mobile excitons 
which can either decay, transferring their energy to lattice vibrations, 
or interact with phonons and dissociate into a free electron and 
positive hole or, thirdly, interact 1vith atoms, ions or molecules on 
the bounding surf aces of the volume elements to produce photochemical 
changes. In the case of silver bromide, excitons are assumed to 
transfer their energy to bromide ions occupying kink sites on the free 
surface of the crystal or jogs along edge dislocation sites. 'These 
ions then eject electrons to fonn bromine atoms and an adjacent silver 
ion would then represent a localized excess positive charge with which 
an electron might ultimately combine to produce a silver atom. 'Ihe 
probability of this happening immediately is small so that an interval 
will be available during ,..,hich the silver ion can diffuse away from 
the bromine atom most probably into and along an adjacent sub-boundary. 
It may there combine with the electron to fonn a silver atom. 80 It has 
been shown that, in the photolysis of silver halides, silver particles 
fonn in the first seconds of irradiation. 'This is followed eventually 
by a definite decay period in which the particles reach maximum size, 
are round, coalesce and become mobile. 81 If bromide ions associated 
with jogs along the internal surface dislocation lines interact with 
excitons a similar process to that shown above occurs. This requires, 
however, that the bromine atom diffuses to the surface and escapes 
without combining with a previously separated silver atom. Precisely 
the same changes would result if electrons and positive holes were 
created directly by the absorption of energy in the crystals and 
the holes were then trapped before the electrons by bromine ions on 
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the free surface or on internal surfaces. Atoms of bromine would again 
be produced together with excess silver ions which could combine with 
the electrons. Saunders 82 has shown that, in the photolysis of silver 
halides, holes escape as halogen from a certain diffusion layer 
which is dependent upon the type of halide, the intensity of the light 
and the absorption constant. The rate of photolysis has been found to 
be proportional to the square of the light intensity83 and in the case 
of the bromide the activation energy of dissociation to be equal to 
approximately 1 ev.84 
In a study of the photolysis of silver bromide in vacuum,85 it was 
found that a decrease in wavelength was accompanied by an increase in 
quantum yield. At short wavelengths the incident radiation is 
absorbed in a thin surface layer of silver bromide. The concentration 
of positive holes and electrons in the region of the crystal in which 
photolysis occurs is much greater at short wavelengths and considerable 
recombination should take place; The high yields at short wavelengths 
show, however, that such recombination does not occur and that vacuum 
is a very good halogen acceptor. The increase in yield has been 
attributed to increased absorption of the incident radiation at the 
surface with decrease in wavelength, since the most effective absorption 
occurs in a thin surface layer, about one-third of a micron thick. 
High yields at long wavelengths were only observed in thin crystals 
with thickness comparable to that of the active layer. With an 
increase in the temperature of irradiation there is a decrease in the 
stability of the trapped electrons thus leading to decreased quantum 
yields. This is most marked at short wavelength where the surface 
concentration of holes and electrons is the greatest. Therefore the 
number of electrons in shallow traps will be greater at short wave-
lengths than at long wavelengths, the rate of recombination with 
bromine will be greater, and the yield will decrease. 
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The photochemical behaviour of the lead halides has been shown to 
be very similar to that of the silver halides. The Mott-Gurney 
mechanism proposed for the latter has been used in explaining the 
photolysis of lead halides. Absorption of a photon causes an electron 
to be excited into the conduction band where it combines at a trapping 
site with a metal ion, the holes being trapped at surface halogen ions 
followed by the desorption of halogen atoms. Venvey86 has proposed 
that following absorption of a photon to give an electron-hole pair, 
three modes of photolysis may be discerned. The first mode, the colour 
centre mode, consists of the transport and trapping of photo-generated 
electrons and holes. At liquid nitrogen temperature reaction products 
of electrons and holes with lattice defects have been detected by 
e. s. r. measurements. s7 TI1e second mode, the print-out mode, results 
from mass transport by ionic motion. On irradiation at room temperature 
small lead particles inside the crystal near the surface are produced. 
Thirdy, the photo-enhanced evaporation mode is where the substance 
is completely evaporated from the surface. 
I 
In lead bromide and chloride the photo-generated hole is trapped at 
a surface halogen ion giving a halogen atom which is desor"t,,ed. The 
electrons are trapped at Pb2+ ions, giving ultimately aggregates of 
lead atoms. A higher concentration of anion vacancies facilitates 
photolysis in three ways. Firstly, they carry the mass transport 
current of anions to the surface, secondly, an enhanced anion vacancy 
concentration is accompanied by a reduced concentration of cation 
vacancies because the latter trap holes, and, thirdly, annihilation 
of anion vacancies supplies room for the lead nuclei since lead atoms 
have a larger radius than the lead ions. 
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In the photolysis of lead chloride88 a transition from one mode of 
photolysis to another has been observed, the mechanism operat:i,ng during 
photolysis being dependent on the intensity of irradiation. At low 
intensities holes are trapped at surface halogen ions producing 
surface halogen atoms which can be desorbed. The excess lead condenses 
inside the crystal. At higher intensities more or less complete PbC1 2 
molecules are desorbed from the surface. This has been explained in 
the following way. 89 Holes trapped at the surface during the photo-
chemical process develop a potential barrier causing an acceleration 
of photogenerated electrons towards the surface. When the lifetime of 
an electron is shorter than the transit time to cross the barrier, the 
electrons will not reach the surface. This transit time is reduced 
with an increase in intensity of radiation. - Mlen electrons produced 
during the photolysis of lead chloride cross the potential barrier and 
become trapped at surface states connected with Pb2+ ions, called 
Pb+ states,~ 0 recombination centres for holes and electrons may form. 
These states have been identified from e.s.r. measurements.87 An 
electron trapped at a Pb+ state and a hole at a nearby c1- state fonn 
a surface Cl atom ai1d a Pb+ ion. These in turn may form a molecular-
like structure facilitating the surface breakdown by evaporation. 
Reber et aZ. 91 have recently proposed a mechanism for the photolysis 
of lead chloride which is ve1y similar to those proposed above. After 
absorption of a photon to yield an electron and a hole, the latter 
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diffuses to the crystal surface where it is trapped by a surface chloride 
ion and is desorbed as chlorine. The photoelectron is trapped at·the 
crystal surface by one of the numerous chloride ion vacancies to form an 
F-centre. T'nese, being unstable at room temperature, are discharged on to. 
the Pb2 + ions to form w1stable 0 . Pb+] complexes which aggregate to 
form a lead atom, two chloride ion vacancies and a Pb2 + ion: 
Pb0 + Pb2+ + 2 D 
For both lead chloride and lead bromide the intensity dependence 
of photolysis was found to bea function of irradiation time. At low 
intensities the rate of photolysis of the chloride was proportional to 
IO,ll and at high intensities.to r3 ' 2.92 The rate of photolysis of 
lead bromide was proportional to intensity for irradiation times 
shorter than one second. 
Dawood et al. 93 have studied the photolysis of lead iodide. The 
rate of photolysis was found to vary as the square root of the 
irradiation time. Assuming the radiation is centred on 500 run, 
excitons are produced which are free to migrate in the specimen. The 
concentration of these exci tons will be greater near the surface. One 
of these excitons may be trapped at a suitab~e site (probably at the 
surface) and 1vill be stable for a certain period before reverting to 
the ground state. If, before this happens, a second exciton is trapped 
at the same site, then a: finite probability exists that the two will 
react since most of the activation energy for the reaction is 
present as excitation energy. If reaction occurs we get: 
Then either 
2 D + ze 
or 
Pb2+ + Ze 
r* 
I 2 + 2 0 + 2e 
2 EJ 
Pb 
if F-centres are 
stable (1) 
if F-centres are 
unstable (2). 
In (1), aggregation of F-centres will lead to the formation of lead 
nuclei which is therefore the net result in both cases. This mechanism 
includes the possibility that the reaction of 'two excitons proceeds 
through intermediate stages. 
Albrecht et az.94 have recently also made a study of the photolysis 
of lead iodide. They found the rate to be dependent on the first power 
of the light intensity and proposed the follrn~ing mechanism. A hole 
created by irradiation is trapped at a surface cation vacancy, 0, 
h· + 0 O' 
This species, 0', is the well-known V1 -centre which then reacts with an 
adjacent iodide ion 
0' + I-adj 
-+ 
+ I + 0 
producing ultimately an excess of anion vacancies at surface sites. 
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D + I 
The iodine atoms combine to fo11n molecular iodine which desorbs: 
21 
Electrons are then trapped at anion vacancies within a space charge 
region to create F-centres 
D + e 
Also anion vacancies diffuse from surface sites into the bulk 
D s. + r- r- •. + D auJ 
where r- ·d. indicates an iodide ion ad]. acent to the surface anion . a J 
vacancy Os. 
Finally metallic lead is formed by the reaction of lead ions with the 
unstable F-centres: 
Pb + 2 D 
111e sites where decomposition occurs are considered to be anion 
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vacancies situated at kink sites, cracks, etc. The importance of anion 
vacancies in the decomposition has been demonstrated by experiments on 
films of lead iodide doped with suitable impurities such as Ag+ ions. 
The growth of the lead nuclei can proceed by at least two mechanisms. 
Firstly, electrons produced by the decomposition of excitons may react 
with trapped interstitial lead ions although at low temperatures this 
process is rather slow. Secondly, pairs of excitons decompose at a 
surface site adjacent to a nucleus of lead. This process requires the 
transport of neutral excitons and not charged lattice ions and is 
considered the predominant process at low temperatures. 
(b) Bromates 
Herley and Levy2 , 95 , 96 have made a study of the photolysis of 
sodium bromate. The rate of decomposition or production of oxygen 
decreased until a constant rate was attained in a manner analogous to 
the photolysis of sodium azide. TI1e constant rate was almost dependent 
on the second power of the light intensity. The absence of photo-
conductivity indicated that the photolytic process probably involves 
so 
excitons. TI1e analogy with sodium azide's behaviour, led to the assump-
tion that initially the concentration of the entities that become 
excited decomposition sites (which could be reaction products) is high 
and approaches an equilibrium concentration during the photolysis 
process. TI1e followi.ng sequence of decomposition reactions were 
proposed: 
Br03 - + ·* (excitation) -+ Br03 -* + 
Br03-* + * -+ Br03 -** + 
Br03 -* + Bro3-* -+ Br03 -** or + . 
The doubly excited site may now generate an additional singly excited 
site i.e. 
-+ 2Br03-* 
or it may produce decomposition 
-+ 
The generation of new decomposition sites from existing sites is 
similar to the process observed in the alkali halides for the generation 
of vacancies from centres that resume their initial characteristics after 
each additional vacancy is formed. 
Sl 
( c) Perchforates 
Verneker et al. have studied the photolytic decomposition of 
nitronium97 and silver98 perchlorates. In the fonner case the effects of 
irradiation as a function of intensity, temperature and time of 
irradiation have been irNestigated. The predominant gaseous products 
found have been 02 and NO. The results indicated that two photolytic 
processes were taking place. 111e rate of decomposition increased 
initially to a maximum and then fell to a constant value. It was also 
found to be dependent throughout on the square of the light intensity. 
The fj,_rst mechanism proposed occurs rapidly and depends on the existence 
of impurity or trapping centres which are consumed in this reaction. 
Hence we have 
hv 
Cl04- -+ (Cl04-)* + 
(Cl04-) * + T -+ (T Cl04-)* + 
hv 
Cl04- -+ (Cl04 ~) * + 
-+ 
2N02+ + 2e 2N02 + 2 vacancies 
where T = trap (electron acceptor). 
Tne amount of oxygen evolved is proportional to the square of the light 
·.intensity. 111e traps, associated at the end with two anion vacancies, 
can no longer participate in the mechanism and the rate then decreases. 
This procedure probably accounts for the acceleratory and deceleratory 
parts of the rate-time curve. This process causes two electrons to 
enter the conduction band where they are eventually captured by other 
traps or by the nitronium ion. 
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1he second mechanism proposed occurs simultaneously with the first. 
It is slower but does not have the self-consuming features of the first 
mechanism. In this case, the following mechanism is proposed: 
hv 
N02+ + (N02+)* + 
hv 
Cl04- + (Cl04-)* + 
(N02+)* + (Cl04-)* + NO + ClO + 202 . 
The existence of this second mechanism was supported by the absence of a 
deceleratory period when an already photolysed sample was subjected to a 
second photolysis. 
In a similar investigation of the photolysis of silver perchlorate98 
three different mechanisms were considered to be operating. TI1e rate of 
gas evolution increased initially to a maximum and then fell to a constant 
value. The first mechanism proposed involved the creation of defect 
centres leading to an acceleration in the rate of photolysis: 
hv 
Cl04 - + D -+ Cl04· + EJ 
Cl04° products + D 
Ag+ + tJ + Ago + D 
The deceleratory mechanism depends on the existence of trapping centres 
which are consumed in carrying out their part of the reaction mechanism. 
Doping experiments indicated that the trapping centre is likely to be 
an anion vacancy. · Since the deceleratory reaction did not decrease to 
zero but became a finite constant value, a new mechanism was thought to 
become active, in which no consumable trapping centres are involved and 
which presumably continues until the crystal is consumed. The rate is 
proportional to the intensity of light arid the silver metal fonned in the 








'Where A~+lo is representative of the growth of colloidal metal. 'TI1us 
the three mechanisms are (i) the creation of defect centres, (ii) the 
consumption of defect centres, and (iii) a steady-state rate. 
]3oldyrev99 has recently made a study of the photolysis of aimnon:ium 
perchlorate and folUld that, during the accelerator/ period, Cl03 -, Cl02 -
and ClO- are formed. He also found that the induction period decreases 
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on the introduction cf proton - donor additives and increases with proton 
acceptor additives. In a study of sodium chlorate1 00 no photoconductivity 
was detected which implied the absence of the existence of any holes or 




where the last reaction is the regeneration step. In the photolysis of 
sodium perchlorate the following mechanism has been postulated101 : 
hv 
Cl04- -+ ClO -* 4 
Cl04 -* -+ Cl03- + o· 
o· + o· 02. 
The overall reaction is 
NaC104 NaCl + 202. 
(d) Permanganates 
Prout and Lownds 102 have investigated the photolysis of potassium 
pennanganate in the fonn of crystals, powdered crystals and pellets in 
the temperature range 20° - 180°C. Initially a small volume of gas was 
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rapidly liberated, followed by a short acceleration of the reaction and 
then a decay period. 1he initial "puff" was thought to be associated with 
reaction at highly defect surface sites where the Mn04- ions are more 
easily raised to excited states than at positions of greater crystal 
perfection. Excitation proceeds until the ion dissociates. The main 
decay reaction represents the reaction at less reactive, but still 
favoured, sites which are steadily consumed during photolysis. The rate 
of the reaction showed a dependence on the square and the cube of the 
intensity. 
The reaction mechanism proposed involved the successive excitation 
and de-excitation of Mn04 - , Mn04 -* and Jvfn04 -** culminating in the . 
decomposition 
Products. 
111e number of excitations was dependent on the relationship between the 
rate of the reaction and the light intensity. The overall photolytic 
reaction below 110°C was proposed as 
3hv 
Between 120° and 180°C only two photons are required to raise the energy 
of the pennanganate ion to a level at which the excited ion dissociates 
thennally. Thus the following was proposed: 
/j, 
Mn04 -** + Mn040 + e 
Mn04° Mn02 + 02 
Mn04- + e + Mn042-
the species Mn042':' having been detected at high flash intensities.103 
The activation energies found over the indicated temperature ranges were 
considered to be associated with the thennal dissociation of the excited 
ions. 
( e) Oxalates 
Finch et az. 104 have investigated the photolytic decomposition of 
silver oxalate. The kinetics of photolysis are explained by an exciton 
mechanism similar to, but not identical with, that previously applied to 
the decomposition of barium and potassium azides~O On prolonged 
photolysis by ultraviolet light, the oxalate decomposed into silver and 
carbon dioxide. After an initial rapid rate, the rate of gas evolution 
was practically constant. The rate was found to vary as the square of 
the intensity. The process envisaged was the capture of a singly 
excited oxalate ion at an anion vacancy. This complex could either be 
further excited by light absorption so that a second electron is 
captured by the anion vacancy or it may be destroyed by the electron 
returning by tunnel effect from the anion vacancy back to the singly-
SS 
56 
.charged ion. The possible processes ar~ given by the followi_ng 
reaction scheme:, 
0x2- hv [Qx-] - (stabilized exciton} + 
[Ox-)- + 0 2-x 
'[Ox-] -
hv [Ox] 2 - (double exciton} or + 
[Ox] 2 - + [Ox-] -




4 THE THERMAL DECOMPOSITION OF SOLIDS 
Since it was proposed to examine the simultaneous effects of 
thermal decomposition and photolysis (i.e. co-irradiation) it is necessary 
to discuss the thennal decomposition of solids. The majority of reactions 
which have been studied are of the type 
A(s) B(s) + C(g) 
where the start of the reaction involves the fonnation of a new phase B 
at special points in the lattice of A. Decomposition commences when local 
fluctuations provide favourable circumstances for the formation of B. 
An experimental study of a thermal decomposition usually commences 
with the determination, isothermally, of a curve representing the plot of 
the fraction decomposed, a, (usually a measure of the pressure of gas 
. evolved) as a function of time, t. 111e general features of typical a vs t 
curves are shown in Fig. 1. 
In general they are sigmoid as shown in (a). Some substances e.g. 
lead styphnate and mercuric oxalate, have a relatively shorter acceleratory 
period and a more pronounced final decay period as shown in (b). Curve 
(c) is typical of lead azide where there is virtually no induction period. 





initial rapid evolution of gas, represented by A; 
an induction period in which gas may or may not be evolved, 
represented by B; 
an acceleratory period following the induction period, represent-
ed by C; and 
a decay period, represented by D. 
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(i) Thennal decomposition proceeding via cleavage of bonds in an 
anionic or cationic lattice component and accompanied by no 
transfer of charge. This mechanism depends mainly on defects 
on the surface and along lines (edge or screw dislocations). 
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An example of this type of decomposition is that of KMn04. 106 , 107 
(ii) Thermal decomposition proceeding as a result of the transfer 
of an electron from an anion to a cation. This mechanism is 
mainly dependent on point defects such as vacancies, inter-
stitials, ~npurity atoms, excitons, free electrons and holes. 
An example of this type of decomposition is that of the 
inorganic azides.108 
In both of these cases the electronic environment at the site of 
decomposition of an individual molecule will influence the activation 
energy of its decomposition. 
Line defects play an important role in the thennal decomposition of 
solids since reaction corrnnences at the point of emergence of dislocations 
at the crystal surface and at the boundaries of groupings~4,l09,llO,lll 
The emergence of edge dislocations, bent crystals, twisted crystals, 
incipient cleavage cracks, and similar families of edge dislocations at 
the surface of crystals of platinum phthalocyanine have been observed by 
Menter. 112 The concentration of these line defects is dependent on the 
age of the crystal, and consequently so is the rate of thennal decomposition· 
dependent on age. With ageing in a crystal, the fonnation of groupings of 
dislocations is aru1ihilated. 111e thennal decomposition of carbonates113 
and azides 114 , 115 has been shown to be favoured at dislocations, growth 
defects and mosaic block boundaries. 
The process of thermal decDmposition may also be influenced by point 
defects in the lattice, such as anionic or cationic vacru1cies, interstitial 
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ions, impurity atoms or ions and electronic defects (free electrons, 
excitons, colour-centres and positive holes). 
The charge transfer scheme in the thermal decomposition of ionic 
solids was first postulated by Mott.3 7 Electrons from the conduction band 
of the crystal are captured by an impurity centre. An adjacent ion almost 
immediately hands over an electron to this newly formed radical and the 
positive hole so formed diffuses away to the surface, escapes and 
' 
decomposes. TI1e impurity centre which has received an electron grows by 
attracting interstitial positive ions. TI1is scheme has been used to 
explain topochemical processes accompanied by charge transfer although 
changes and additions have been made as in the case of mechanisms 
proposed for photolysis. 
Charge transport within an ionic lattice is dependent on the defect 
structure of the solid and is achieved by ionic conductivity i.e. 
migration of ions. Ionic conductivity through the crystal is a result 
of migration of interstitials or a counter-migration of vacancies. 
Migration rates, for both interstitial and vacancy mechanisms,are directly 
dependent on the concentrations of these point defects. The result of 
ionic mobility is the migration of product atoms or molecules through the 
lattice. 
Semi-conductivity also influences charge transport in crystals. When 
electrons are thermally excited from the valence to the conduction band, 
leaving positive holes in the valence band, we have intrinsic semi-
conductivity. TI1e phenomenon of impurities either accepting or donating 
electrons is kn01~1 as extrinsic semi-conductivity. The energy levels of 
these donors and acceptors lie in the forbidden energy gap near the 
conduction and valence band respectively~ Promotion of an electron from 
a level within the forbidden zone into the conduction band is n-type 
61 
semi - conductivity ; promotion of an electron from the valence band 
into a nearby level within the forbidden zone is p-type semi-conductivity. 
With reference to the solid decompositions it is important to note that 
type of semi-conductivity resulting from the product phase having a 
different work function to the reactant phase. In this case the phases 
act as proton donors or acceptors depending on their relative work 
functions. 116 
Exciton formation during thermal decomposition results from thermal 
excitation of an electron to a non-conducting excited state or alternately 
from the partial combination of an electron and a positive hole, without 
reversion to the electronic ground state~ As discussed under photolysis, 
where they play a more important role, excitons are mobile and can 
dissociate into free electrons and positive holes, thus aiding charge 
transport. 
A characteristic feature of the thermal decomposition of solids is 
the initiation and propagation of the reaction from a number of preferred 
sites termed nuclei formed at the abovementioned imperfections in the 
lattice. These nuclei may be distributed over the surface of, or 
embedded in, the bulk of the reactant matrix and their activation energy 
of decomposition is lowest at these sites. Further decomposition is 
localized at the interface between the nuclei and the reactant matrix, 
so that the nuclei grow in size as the reaction proceeds. As the nuclei 
grow, the area of this interface increases. Photographs have been 
obtained which show discrete, random nucleation on crystal surfaces. It 
has been observed from these photographs that the nuclei form in the 
regions of emergence of dislocations and grain bow1daries on the crystal 
surface. Herley et az.1 81 have shown that this occurs during the thermal 
decomposition of aminoniwn perchlorate. 
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These nuclei are thought to be composed of solid reaction products. 
Differences in the physical properties between product and reactant phases 
cause strain which results in movement of reaction through the lattice. 
Chemical transformation is facilitated at defects on the inten1al and exterr1al 
surfaces of the crystal because both the chemical potential and the stereo-
chemical environment of ionic species in the immediate vicinity of these points 
differ from those of similar species at 'ideal' lattice sites. 
Nuclei may be classified as (i) diffuse and (ii) compact. 
(i) Diffuse nuclei. These are spread throughout the solid and are not directly 
observable since they do not grow to a visible size. This occurs, for example, 
in the thermal decomposition of mercury fulminate~ 40 
(ii) Compact nuclei. Generally the activation energy for nucleus formation is 
greater than that for nuclear gl·owth with the consequence that compact nuclei 
are formed. TI1ey are directly observable and have characteristic shapes 
dependent on the physical properties of the solid. In sodium azide pellets 117 
they were observed to be 2-dimensional and approximately circular and were 
formed on preferred crystallographic faces. Spherical nuclei have been 
observed in the thermal decomposition of barium azide, 39 horn-shaped nuclei 
in the dehydration of CuS04.SH20118 and hexagonal nuclei in the thermal 
decomposition of potassium hydrogen phthlate.119 
The number of nuclei fanned during thermal decomposition may be greatly 
influenced by the pre-reaction treatment of the sample, thereby increasing 
greatly the number of potential nucleus forming sites. Grindingss,120, 
scratching of the crystal surface 121 and the method of sample preparationl22 
have been shown to play an important role in this respect. Pre-irradiation of 
the solid prior to decomposition with ionizing radiations (y- and X-rays),123,124 
12 5,l.26 UV light,38 electron127 or reactor radiation128 , 12 9 has been fow1d jn 
general to enhance the subsequent thermal decomposition of the solid as a 
result of the fonnation of crystal defects and decomposition of 
radiolysis products in the crystal lattice . 
. Nucleus fonnation is considered to take place during the induction 
period (Bin Fig. l(d)). At the end of the induction period the 
production of nuclei is at a critical stage,· and the reaction becomes 
auto-catalytic during the acceleration. At the end of the induction 
period the crystal is a function of the number of nuclei and their 
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spatial distribution, the size and shape of the nuclei ai1d a variety 
of properties of the nuclei themselves e.g. their chemical, crystal-
lographic and electronic structure. Growth of these nuclei takes place 
during the acceleration, although some nucleus fonnation may also occur 
during this stage of the reaction. 
Beyond the inflection point, the decay stage begins. Nucleus growth 
ceases and the rate of reaction decreases when the nuclei have expanded 
far enough to begin to overlap and thereby decrease the .interfacial area 
between reactant and product. 
· The mechanism of a particular decomposition and the kinetic equation 
1vhich describes the acceleration of the reaction depends on two factors: 
(i) the rate of nucleus fonnation, and 
(ii) the rate and mode of growth of the nuclei. 
M1en nucleus formation involves a single step it can be described 
as a linear or exponential function of time. When it involves multiple 
steps it can be descrited as a power of the time. A linear increase in 
the number of nuclei with time has been observed with the dehydration 
of CuS04.SH20. 130 Photographs of nucleation in ammonium perchlorate 
crystals have been obtained by Herley, Levy and Jacobs.131, 132, 133, 134 
Discrete nuclei on the surface of the crystal were observed in preferred 
crystallographic directions, the nuclei being different on different 
crystal faces. Nucleus growth stopped once the nuclei reached a 
critical size. At the same time the smaller nuclei continued to grow 
until they too had reached the critical size. \r\~1en decomposition over 
the external faces was complete nucleation on the subsurfaces was 
observed. 
A. Analysis of AcceZeratory Period 
The kinetics of simultaneous nucleus fonnation and growth, or the 
growth of a constant number of nuclei, i.e. the acceleratory region, 
can be described by the following mathematical relationships: 
(i) The Power Law, 
(ii) The Exponential Law, 
(iii) The Prout-Tompkins equation, and 
(iv) The Avrami-Erofeyev equation. 
(i) The Power Law 
This class of thennal decomposition comprises those in which 
multiple steps are required for nucleus fonnation. Nucleus growth is 
assumed constant and overlap of the growing nuclei is neglected. It 
can then be shown13 that 
p (1) 
64 
where p the gas pressure at time t during an isothermal decomposi-
tion, 
k = the rate 
and n = 13 + A. 
constant, 
f3 is an integer representing the number of 
successive molecular decompositions at a single 
site required to fonn a stable growth nucleus, 
>.. has values 1, 2, or 3 dependi_ng on whether 
the nuclei grow 1-, 2-, or 3-diinensionally 
i.e. linear, plate-like or spherical. 
The power law has been applied successfully in the above form, and in 
l/n 
the fonn p kt, to a number of compounds. Its usefulness is 
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enhanced in that the final pressure is not required. 1he acceleratory 
reaction of the thennal decomposition of lithium, 1 35 calciumss,s9 ,136,137 
and strontium azides have been analysed using the power law with n = 3. 
It has been applied to zinc oxalatel38 with 1 ~ n ~ 2, to silver 
oxalatel3 9 with 3,02 ~ n :c;; 5,30 and to barium azide3 9 with n = 6. 
(ii) TI1e Exponential Law 
This law, derived by Gamer and Hailesl40, in the process of 
studying the concept of linear branching chains, assumes a constant 
rate of nucleation and a constant branching chain coefficient k. We 
thus have 
p c exp (kt) (2) 
where c = constant, is a function of temperature, and contains the 
constants for nucleation, growth and branching. 
Although the equation was applied with success to the decomposition 
of mercury fulminate and large crystals of lead styphnate141 it is now 
generally accepted that the concept of linear chains requires some 
modification. The rapid propagation of linear chains through the 
crystal would tend to separate it into mosaic blocks, which would then 
decompose slowly. TI1is was not considered to be a favourable mechanism 
and thus a modification was postulated whereby the branching plate-like 
nuclei were propagated throughout the crystal. 142 TI1is concept was 
applied to silver oxalate 104 and it was suggested that decomposition 
proceded along grain boundaries and dislocation lines, with branching 
occurring at intersections of these defects in the crystal lattice. 
(iii) The Prout-Tompkins Equation 
Prout and Tompkins noted that the original fonn of Garner's 
linear branching chain theory did not take into account the overlap of 
branching chains at higher degrees of decomposition. They thus 
introduced a tenn for the probability of chain tennination into Gamer 
and Hailes' 14 o linear branching chain fonnula. The Prout-Tompkins 
equation was obtained on integrating the equation derived to represent 
the rate of decomposition da/dt and has the fonn 
p 
log = kt + c (3) 
Pf - p 
where p = pressure at time t 
Pf final pressure 
k = branching coefficient. 
This equation has been applied to the .thennal decomposition of 
unirradiated and pre-irradiated pennanganates,143 the co-irradiation 
decomposition of potassium permanganate~44, the analysis of the entire 
thennal decomposition of nitronium perchloratel45 and lead oxalatel25, 
and the acceleratory reactions of potassium metaperiodate,146 lithium 
perchlorate 147 and pre-irradiated ammonium perchlorate.148 
Prout and Tompkins found that analysis of the decomposition of 




Pf - p 
k log t + c (4) 
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This equation takes into account the fact that the branching coefficient 
k was not constant but varied inversely with time~ 
(iv) Tbe Avra:rni -Erofeyev Equation 
Avrami,1 49 in attempting to obtain a mor:e general kinetic 
equation, dealt with the nucleation process in a study of the kinetics 
of phase change. He assumed that the new phase, as a result of the 
thermal decomposition of the solid, is nucleated by tiny "germ nuclei" 
which already exist in the old phase. TI1ese germ nuclei are capable 
of developing into observable "growth nuclei" after corrnnencement of the 
transfonnation. TI1e number of germ nuclei decreases in two ways as the 
reaction preceeds. The first effect is the normal activation and 
growth of the nuclei and the second effect is the ingestion of germ 
nuclei by actively growing growth nuclei, which thus renders the genn 
nuclei inoperative. 
Avrami developed an equation which represents a general solution 
to the problem of random nucleation followed by 3-dimensional growth. 
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(5) 
V0 final volume of product obtained from complete decomposition 
of reactant, 
total number of germ nuclei at time t 0, 
k1' constant, 
and 0: £rational decomposition (p/pf). 
Several limiting cases were obtained from this equation. 
(i) a: small: When a << 1, the contribution of overlapping and 
phantom nuclei will be negligible and the general equation reduces to 
the power law i.e. 
= (6) 
where n has the same meaning as before. 
In particular n = 4 corresponds to random nucleation of three-
dimensional nuclei, n = 3 corresponds to instantaneous nucleation 
followed by three-dimensional growth a.i-id n = 2 corresponds to linear 
growth. 
(ii) a large: When a is large i.e in the decay period, the general 
equation reduces to 
-log(l-a) = (7) 
= kt3 (8) 







rt dt . p 
0 
where a fractional decomposition, 
(9) 
(10) 
and p probability of the reaction of an individual molecule in 
an interval dt. 
TI1e equation was then applied to the fonnation and growth of nuclei in 
the solid state. He Dbtained the equation 
= i· exp(-kt4) (11) 
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corresponding to 3-dimensional nuclei increasing in number at a 
constant rate. For cylindrical nuclei 
= 1 exp(-kt 3) (12) 
and for flat nuclei 
= 1 exp(-kt2 ) (13) 
Thus in general according to the shape of the nuclei and their rate of 
increase 
= 
or -log(l-a) = 
1 n exp(-kt ) (14) 
(15) 
which is the same general form as derived by Avrami. Equations 7, 8 
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and 15 are general equations for the kinetics of reactions which proceed 
by way of formation and growth of reaction nuclei in a solid. These 
are forms of the Avrami-Erofeyev equation. 
The Avrami,Erofeyev equation is versatile because of the variable 
nlSl,154,115,155-157,148 and has been used in the analysis of the 
acceleratory region in the thennal decomposition of sodium and potassium 
hydrogen carbonate~154 nickel terephthalate, 156 sodium nitrate, 158 
barium azide, 11 5 ammonium perchloratel59 and silver oxalate160 where n 
has assurned values of 2, 3 and 4. 
B. Analysis of Decay Period 
During the decay period, overlap of the compact nuclei has 
occurred and the reaction then proceeds from a shrinking of the inter-
face between the reactant and product phases. In certain cases the 
product phase may catalyze the reaction as a result of intimate 
contact between the two solid phases. Topokinetic equations 
applicable to the decay period thus describe a contracting envelope 
of product enclosing a volurne of reactant which is free of C!efects 
such as dislocations since these represent sites of preferential 
decomposition and are usually consumed by the product during the 
acceleratory period. 
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·The decay period may be analyzed by use of the following equations: 
(i) Avrami-Erofeyev equation 
(ii) Un:imolecular Decay Law 
(iii) Prout-Tompkins equation, and 
(iv) Contracting sphere equation. 
(i) The Avrami-Erofeyev Equation 
The form 
a = 1 (16) 
is used in the analysis of the decay period providing the contracting 
interface remains intact. Because of the difference in molecular 
volume between product and reactant phases, a collapse of the interface 
may occur leaving isolated blocks of material in which no nuclei are 





(ii) Unirnolecular Decay Law 
From equation (17) we get the unirnolecular decay law 





log --- == kt (19) 
Pf - p 
(iii) Prout-Tompkins Equation 
Tilis equation considers the decay reaction to be proportional to 
the number of w1reacted molecules. 1 6 1 Only those molecules adjacent 




::: k(pf - p) p (20) 
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where P the probability of the favoured situation and is determined 
Tims 




Integration between limits Jed to the equation.· 
i? 
log ---
Pf - p 
kt + c 
(21) 
(22) 
which is the Prout-Tompkins equation as .found for acceleratory reactions 
with a different rate constant k. 
(iv) Contracting Sphere Equation 
In the cases where there is rapid and efficient surface nucleation 
of particles, the surfaces of the particles become coated with a layer 
of product in the early stages of the reaction. The rate determining 
step could then be the rate of penetration of this interface into the 
particles. TI1e fonn of the equation is then 
1 - (l-a) 1/3 = kt. (23) 
A similar method to the contracting sphere method may be applied for 
contracting interfaces in geometrical shapes other than spherical. 
.Many applications have been found for the aoove equations. The 
Avrami-Erofeyev equation with n = 3 has been used in the study of the 
decay reaction of sodium nitratel58 and ammonium perchlorate,159 and 
the equation with n = 1 in the study of the decay stage of lithium 
perchlorate 147 and pre-irradiated ammonium perchlorate. 148 The 
contracting sphere equation has been used by Prout and co-workers in 
the study of the decay of lithium azide,135 calcium azide,136 nickel 
oxalate 162 and barium azide. 115 
When none of the standard equations has been found suitable, 
empirical equations have been used 12 B'159 or a general method for the 
calculation of rate constants as described by Jacobs and co-workers 163 
have been used. The rate constant in these cases has no physical 
meaning however. 
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Mathematical analysis of the acceleratory and decay periods of 
pressure-time plots for isothermal decomposition of solids can thus 
yield much information on the reaction mechanisms, such as the process 
of nucleation, shape of nuclei and mechanism by which they grmv in 
size. Applicability of an equation, however, does not necessarily 
imply that the model, from which the equation was derived, is relevant 
but rather as a postulate upon which experimentation designed to 
support this postulate can be based. Furthermore, it is possible for 
more than one equation to apply to some given data. For example both 
the Prout-Tompkins equation161 and the Avran1i-Erofeyev equation with 
n = 4164 have been applied to the kinetics of thermal decomposition of 
potassium permanganate. 
The theoretical approach to the decomposition kinetics of solids 
has led to a greater understanding of the macro-processes occurring 
during the reactions, and has also provided equations which yield rate 
constants. These in tum, regardless of their significance, can be 
used to investigate the dependence of reaction rate on a variety of 
experimental variables such as temperature of decomposition, size of 





5 THE EFFECTS OF PRE-IRRADIATION WITH ULTRA-VIOLET LIGHT 
Oli THE THERMAL DECOMPOSITION OF SOLIDS 
The results and conclusions of pre-irradiation studies are 
naturally of significance in any study involving co-irradiation effects 
and thus a review of the fonner is appropriate at this .. point. 
TI1e effect of pre-irradiation on the thermal decomposition of many 
crystalline solids, in particular the azides, has been studied in 
considerable detail.s, 37, 38, 57,58,165 These studies have led to an 
increased knowledge of the mechanism of the thermal decomposition of 
unirradiated solids and also to a better understanding of the nature of 
radiation damage. Almost every type of radiation has been used but a 
large fraction of the published work describes effects produced by 
ultraviolet light, X-ray, y-ray, and reactor irradiations. Studies on 
irradiated material are usually perfonned for one or both of two 
reasons. Firstly, the material may have been irradiated to investigate 
one or more features of the decomposition process. Ultraviolet light 
may, for example, produce effects which would indicate whether a 
particular decomposition involves one or more electronic processes. 
Secondly, it may have been included in a "radiation damage" study in 
order to detennine if irradiation can modify one or more properties of 
the material in any important way. For example, irradiation could 
possibly introduce lattice defects or trapped charges.16 6 
The general effects of pre-irradiation on the subsequent thermal 
decomposition of the solid are: 
(i) shortening of the induction.period, 
(ii) acceleration of the reaction, 
(iii) changes in the activation energies associated with the 
decomposjtion process, ai1d 
(iv) changes in the mathematical analysis governing the pressure-
time plots, and their extent of fit. 
The effects of the pre-irradiation are generally of long duration but 
may uDdergo aging. Some substances such as silver perrnanganatel67 are 
insensitive to pre-irradiation whereas others such as strontium azide 
are extremely sensitive. 168 Since thennal decomposition of many 
inorganic solids has been thought to proceed via an electron transfer, 
the effects of the interaction of ultraviolet light on ionic solids leads 
to the conclusion that pre-irradiation with ultraviolet light will have 
a positive effect on the subsequent thennal decomposition. The inorganic 
azides are a clear illustration of this. When barium and strontium 
azides were subjected to pre-treatment with ultraviolet light, the 
induction periods were found to be shortened in the subsequent thennal 
decomposition38 and in the case of barium azide an increase in the rate 
constant k, in the equation a= k(t - t 0) 6 , was observed. No attempts 
were made to measure the activation energies when the pre-irradiated 
specimens 1vere thennally decomposed, and it was assumed that the nature 
of the reaction mechanisms was not markedly affected by the pre-irradia-
tion with ultraviolet light. It was postulated that ultraviolet 
irradiation produced "holes" and diffusion of barium atoms, in the case 
of barium azide, to these "holes" resulted in the fonnation of nuclei 
from which the reaction started. Mott37 proposed that the ultraviolet 
irradiation caused electrons from azide ions to enter the conduction 
band where they wandered w1til trapped by a metallic barium speck which 
thus grew by a process of internal photolysis. 
Later investigation by Thomas and Tompkins4 0 into the effect.of 
ultraviolet light at room temperature on the subsequent thennal ·decomposi-
tion of barium azide ·confinned the above findings. The induction period 
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decreased and an increase in the rate of the acceleratory reaction was 
observed. With large doses of irradiation the exponent in the rate 
equation changed from si.x to three. This was explained by proposing 
that at low doses, more potential nucleus forming sites are created, 
these sites being assumed to be anion vacancies. At higher doses these 
sites were thought to become activated by trapping electrons and thus 
relaxing the requirement for thern1al activation. Eventually all the 
potential nucleus forming sites become both activated and equivalent and 
thus a cubic acceleratory period is obtained. 
When barium azide was pre-irradiated with ultraviolet light, the 
exponent in the Avrami-Erofeyev equation was found to change from four to 
six.168 Prout a.i1d Moore proposed the formation of large numbers of 
F-centres on irradiation, which aggregate and collapse on heating, with 
the formation of barium atoms. 'TI1ese then migrate and crystallize at 
favourable sites to yield metallic nuclei, from ··which the reaction then 
proceeds. They proposed the same growth mechanism for these nuclei as 
they proposed for the unirradiated azide. 11 5 'Ihe exponential change 
was accounted for by assuming that after irradiation the number of nuclei 
no longer increased linearly with time but rather with the cube of time. 
Pre-irradiation of potassium azide 12 0 had no subsequent effect on 
the thermal decomposition. 'TI1e salt was coloured blue but this rapidly 
faded on heating. It was postulated that mobile excitons are formed and 
the electron from the exciton tunnels to a vacant site forming a single 
entity, the colouration complex, which comprises an F-centre and a 
positive hole. A second exciton then forms a complex adjacent to the 
first and a reaction takes place in which three molecules of nitrogen are 
formed. On heating it was proposed that the reverse process in fact 
occurred when both the bimolecular combination of positive holes and the 
unimolecular recombination of electrons from F-centres with positive 
holes took place by the tunJ1elling effect. This accounted for the 
absence of photoconductance. 
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Treatment of sodium azide with ultraviolet light at room temperature 
followed by thern1al decomposition results . in the development of centres 
of colloidal sodium. 67 These particles are thought to form as a result 
of the photochemical reduction by irradiation, leaving an excess of 
sodium in the lattice which fonns clusters during thermal diffusion. 
Aggregation of the metal was proposed via vacancy or electron diffusion. 
Prout and Liddiard169 have studied the effect of pre-irradiation on 
the thermal decomposition of lithium azide. 1he irradiation effect is 
confined to the irradiated face only. The thermal decomposition is 
accelerated by pre-irradiation with ultraviolet light and the induction 
period is drastically reduced. The changes in lithium azide were 
considered analogous with those in potassium69 and sodium67 azides. The 
excited azide ions are trapped at anion vacancies and react together to 
yield F-centres and F-centre aggregates, the latter possibly collapsing 
to fonn lithium atoms. Excited azide ions may also react with an 
adjacent azide ion to produce N4 ions. High doses of pre-irradiation 
result in the elimination of the induction and acceleratory periods, 
indicating the creation of a large number of "thermal decomposition" 
nuclei which touch soon after heating commences. 1he observed exponential 
change in the Avrami-Erofeyev equation from three with unirradiated to 
two with pre-irradiated azide is a result of the high concentration of 
nuclei at the start of the acceleration. The thermal decomposition of 
pre-irradiated lithium azide thus proceeds via two-dimensional growth 
of nuclei, growth occurring from a fixed number of nuclei. Since the 
decay showed little dependence on irradiation it was concluded .that the 
topochemistry of this stage of the reaction was similar to that of the 
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unirradiated material, and after surface nucleation and coverage the 
product reactant interface moves inwards on the particles of the powder. 
Calcium5B,l36,168 and strontium38,l 68,S7 azides have shown 
similar results on being pre-irradiated. Garner and Reeves 57 found 
that the pmver law with the exponent n = 3 held for the unirradiated 
and i)re-irradiated decomposition of both these azides. Pre-irradiation 
resulted in a shortening of the induction period and an increase in the 
rate constant for the acceleratory period. Pre-irradiation with 
ultraviolet light was thought to result in the development of sites into 
nuclei of approximately the same size, the end result being the same as 
that observed at the end of the induction period of thermal decomposition. 
Tompkins and Young58 examined the effects of pre-irradiation on aged and 
annealed calcium azide and on the fresh material. The former yielded 
a rate constant which was constant for all doses up to 1014 photons/cm2 
whereas the latter yielded a rate constant increasing continuously with 
the irradiation dose. The differences observed were attributed to the 
activation of excess bulk vacancies in the fresh azide. In the case of 
the aged material an excess of electrons due to irradiation were thought 
to be captured by surface clusters and these transfonned into growth 
nuclei. In fresh azide containing excess grown-in vacancies, pre-
irradiation was reported to activate genn nuclei throughout the system. 
Prout and .Moorel 68 investigated further the effects of ultraviolet 
pre-irradiation on calcium and strontium azide and found the results for 
both salts to be very similar. Heavy ultraviolet doses resulted in 
pressure-time curves for thermal decomposition which could be analyzed 
using the power law with n = 2. No darkening occurred, the induction 
period was shortened and an increase in the rate constant for the 
acceleratory region was observed. The inflection point was found to 
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decrease with an increase in the pre-irradiation dose. It was 
suggested that surface damage occurred with the resultant two dimensional 
nucleus growth for the highly irradiated.azides. Heavy irradiation doses 
caused a change in n·from three to two presumably due to the high 
concentration of surface nuclei. A study of the effects of pre-irradiation 
on the thennal decomposition showed no detectable change in the induction 
period or the rate of the reaction. 114 
Prout and Tompkinsl 70 have investigated the pre-irradiation effects 
on mercuric oxalate. The irradiated azide decomposed at a higher rate, 
the acceleratory period showing an initial burst of gas followed by a short 
constant rate period. Later investigation115 showed that the unirradiated 
and irradiated decomposition could be represented by the power law with 
n = 2. An unidentified irradiation product created by an electron 
transfer process which fanned and grew under the action of light on the 
surface of the mercuric oxalate was postulated, the product tentatively 
• 
thought to be mercurous oxalate. 
. 
The effects of pre-irradiation on the thennal decomposition of 
silver oxalate have also been investigated.171,172 It was found that 
pre-irradiation caused an increase in the rate constant of the acceleratory 
n period with a decrease in the value of n in the expression a = k(t -t0) 
from approximately four to three. These effects were attributed to the 
first-order for.nation at certain sites of compact nuclei which grow in 
three dimensions, the Tlurnber of unfertilized sites decreasing as the 
intensity of the ultraviolet light increases. Other researchers 104,142 
proposed a branching chain mechanism for the silver oxalate decomposition. 
The rate constant was w:ichanged after the pre-irradiation but the pre-
exponential factor varied. Haynes and Young173 have proposed that in 
irradiated silver oxalate the number of starting points on the surface 
are increased by pre-irradiation. These then develop into growth nuclei, 
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with simultaneous decomposition along a _line joining two of these nuclei, 
hence explaining the use of the exponential equation. Russian workers 1 51; 
1 5 2 have concluded that the effect of pre-irradiation on silver oxalate 
is a purely surface one and affects only the initial de1=omposition. 
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6 THE CO-IRRADIATED DECOMPOSITION OF SOLIDS 
Co-irradiated decomposition is the tenn used to describe the 
simultaneous the11nal and photolytic decompositions of solids. Photolytic 
decompositions of solids imply the absence of any dark rate i.e. 
removing the source of radiation causes the decomposition to cease, there 
being no thermal decomposition taking place or the rate of thermal 
decomposition being negligible compared to that of photolysis. Garner 
and Moon 17 5 have made a study of the effect on the rate of decomposition 
of placing 1 mg of radium in close proximity to a crystal of barium azide 
at a temperature of ll0°C. They found that the induction period halved 
and the rate of decomposition increased fourfold compared to that of a 
straight thermal decomposition. In the accelerated reaction the nuclei 
present on the face of the crystal nearest to the radioactive source were 
found to be much larger than those of the other faces of the crystal. 
Tne main influence of the emission was thought to lie not in nuclear 
fonnation but in an acceleration of the. rate of propagation of the reaction · 
through the solid. 
Boldyrev et az. 1 76- 1 7 8 have studied the co-irradiated decomposition 
of a number of ionic salts including barium, silver, calcium and strontium 
azides. In all cases X-ray irradiation was used. 1he effect of irradia-
tion was to increase the rate of decomposition. 1he acceleration of 
thermal decomposition by irradiation in the case of barium azide was found 
to be related to the formation, during irradiation, of incipient 
decomposition centres. 111ese centres may occur as stable interstitial 
aggregates fanned according to the mechanism of Mott 36 or aggregates of 
F-centres formed according to the mechanism of FrenkeL 179 X-ray 
irradiation causes the concentration of free electrons in the crystal 
lattice to increase thus leading to the formation of large numbers of 
stable aggregate nuclei. W11en the irradiation is carried out at the 
threshold decomposition temperature, the high concentration of free 
electrons in the lattice is accompanied by a rise in the concentration 
of ion defects interacting with electrons, and their mobility thus 
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increases. Consequently, a large number of stable aggregate nuclei are fanned 
with a greater probability of critical dimensions for each. TI1is is 
evidently the cause of the increase in the rate of decomposition 
achieved by irradiation at this threshold decomposition temperature. In 
another study17 8 Boldyrev found that co-irradiation accelerates decomposi-
tion only of substances for which the dissociation is accelerated by 
pre-irradiation. Calcium, strontium and bariwn azides show an increase in 
rate of decomposition but silver azide shows no change with co-irradiation. 
From the data obtained experimentally it was concluded that all the effects 
observed during decomposition in a radiation field can be explained from 
the viewpoint of the mechanism proposed for explaining the effect of pre-
irradiation on the thermal decomposition kinetics. Th~ mechanism of the 
irradiation effect is due to activation of the solid phase by the X-rays, 
for example by formation of radiolysis products which activate thermal 
decomposition. TI1e absence of a specific irradiation effect during 
decomposition, as opposed to pre-irradiation, is considered to be an 
indication that during thermal decomposition of these substances the 
electron~excitation stage is not the limiting stage. Pre-irradiation with 
X-rays had a greater effect than co-irradiation on the thermal decomposi-
tion of calcium and strontium azides, whereas co-irradiation of barium 
azide had a more marked effect on the thermal decomposition than pre-
irradiation. TI1e proportional effect of pre-irradiation and co-irradiation 
on the thennal decomposition is dependent on the sensitivity of the salt 
to irradiation and the temperature dependence of the pre-irradiation effect. 
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Pre-irradiation of barium azide was found to have a larger temperature 
dependence than strontium or calcium azides which could account for the 
greater sensitivity of the former to co-irradiation. 
Permangai1ates of potassiwn and silver have also been subjected to X-
radiation during thennal decomposition. B0ldyrev et al. 17 8 found that 
no effect on the thermal decomposition resulted from either pre-irradiation 
or co-irradiation of the potassiwn salt with an X-ray dose of 400 rad/min. 
The rate of thermal decomposition of silver permanganate increased five 
times when pre-irratiated or co-irradiated with this dose. 
Prout and Lownds 144 have also studied the co-irradiated decomposition 
of potassium pennanganate. They proposed that photolytic decomposition 





·The activation energies for .the co-irradiated decomposition were found to 
lie between those found for photolytic decompositions and those for 
thermal decompositions. 
Prout and Shephard50 have recently made a study of the co-irradiated 
decomposition of barium and strontium azides. In the former case the 
percentage decomposition was unaltered. At low light intensities the 
activation energies approximated those of the thennal decomposition of the 
azide and with increased light intensity the values of the activation 
energies decreased. They proposed that parallel reactions took place i.e. 
the photolytic reaction proposed for the lower temperature ranges and the 
thermal reactionoccurring in the temperature range under discussion. 
Analysis of equations used implied the occurrence of two-dimensional grov.rth 
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of plate-like nuclei increasing from a fixed number of centres. During 
the induction period atoms ax-e famed on the surface and on the pla11es of 
the crystal, each plane starting at the surface at an emergent grain 
boundary. Nuclei are fanned by aggregation at the end of the induction 
period. TI1e following mechanisms were proposed to take place concurrently: 
(i) N3- + N3- !J. 3N2 + + 2e 
Bn2+ a + 2e ->- Ba 
h\J 
N3- + N3-* + (ii) 
Ba2+ + N3- !J. + Ba+ + N3 
N3 + N3 -* + 3N2 + e 
Ba+ + e + Ba 
The process of nuclear growth over the acceleratory period was 
explained by the following concurrently occurring mechanisms: 
(i) N3- + Ba (metal) !J. N3 -+ + (electron in conduction band 
of barium metal) 
N3 + N3- 3N2 + e + 2 D 
-+ 3N2 + El + 0 
2 El -+ 20 + 2e 
Ban + 2e + Ba2+ + Ban+l 
h\) 
(ii) Ba -+ Ba + + + e n n 
h\J 
N3- -+ N3-* + 
Ba + + N3- !J. Ba
11 
+ N3 + n 
N3 + N3-* -+ 3N2 + e + 20 
zG 
Ba + 2e + Ba2+ 
n 
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2 0 + 2e 
For the decay period the same mechanisms were postu1ated as those for the 
acceleratOY)' period. In the case of strontium azide the same mechanisms 
were proposed in all three stages of the decomposition as for. barium 
azide. 
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7 OBJECTS OF RESEARCH 
The object of this research was to make a detailed study of the 
photolysis of calcilun, strontium, barium a11d lithium azides as well as 
the co-irradiated decomposition of calcium azide. A new technique, used 
by Prout and Shepharcis o, involving the use of very high intensity lamps 
was to be employed. With this method the samples, hitherto only studied 
in terms of surface decomposition, decomposed throughout the mass, resulting 
in a high percentage decomposition. Work had been done by Prout and Shephard 
on barium and strontium azides at ambient and higher temperatures. The · 
programme here was to extend the range of temperatures to between approx-
imately -70,0°C and ambient temperature. Prout and Moore 168 and Prout and 
Brown137 have studied the thermal decomposition of calcium azide and the . 
effect thereon of pre-irradiating the sample with ultraviolet radiation. It 
was proposed that the photolysis and co-irradiated decomposition of calcium 
azide between approximately -70,0°C and 140,0°C should be studied. It was 
also considered to be of value to make a study of the photolysis of lithium 
azide in order to draw comparisons, if any, between the azides of divalent 
metals, nonnally barium, strontium and calcium, and a monovalent metal, 
namely lithium. 
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8 APPARATUS AND EXPERIMENTAL METHODS 
(i) HIGH VACUUM SYSTR!S 
The course of all photolytic decompositions of powdered and 
pelleted material were folloHed using a high vacuum constant volume line. 
111e vacuum line consisted essentially of a pumping system, a pressure 
measuring device and a decomposition cell. 111.e line is illustrated in 
Fig. 2. 
Tne pump used in evacuating the line was a Pfeiffer TVS 250 turbo-
molecular pump. This was capable of p·ro<lucing a vacuum of 1,0 x 10- 6 torr. 
In the case of decomposition of powdered material the pressure was 
measured using an Edwards "Speedivac" Pirani Gauge Control Unit Model 8-2 
with gauge head GSC-2. The gauge was linked to a Phillips PM 8100 flat-
bed recorder for automatic recording of pressure changes with time. "'The 
Pirani gauge was calibrated against a McLeod gauge. 111e ranges of the 
recorder used in the study (5 mV and 10 mV) were then calibrated against 
the Pirani gauge. It was found that above 0 ,02 torr the relationship betweet1 
pressure and millivolt reading was non-linear and thus decompositions were 
limited to the pressure range 0,00 to 0,02 torr. Fig. 3 illustrates a plot 
of pressure against the recorder millivolt reading. 
In the case of the decomposition of pelleted material the pressures 
involved 1vere greater than the maximum of 0;02 torr allowed for accurate 
measurement using the Pirani gauge. In these decompositions the pressure 
was measured using a McLeod gauge of volume 123 ,1 cm 3 • The McLeod gauge 
was joined to the line at the same position used by the Pirani gauge head. 
The vacuum line consisted of three ten litre bulbs. This allowed the 
volume of the line to be varied for different decomposition conditions 
and different compounds. In this way the pressures were always maintained 
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10 l BULB 
PIRANI GAUGE HEAD 
or 
10 l BULB 10 l BULB McLEOD GAUGE 
TO PUMP 
Fig. 2 































Variation of Recorder Readings (lOmV Range) 
with pressure on Pirani Gauge 
·•~..r....._....~---. ------rm·-----------
25 50 
Recorder mV scale 
---- _J -·-.. -- . r-·-100 ·. 75 
co 
l.D 
within the correct range f~ir optimum accuracy. The bulbs were 
positioned so as to ensure tliat, when the rate of decomposition was at 
its maximum, the tiJr.e required for pressure equilibration to take place 
tiiroughout the large volume was negligible. 
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A quartz glass decomposition cell was used for all decompositions. 
111e cell was specifically designed to fit exactly into the furnace used 
in the high temperature work. The cell was 80 ,0 nm in length and 18 ,0 mm 
in diameter. It was tapered over the bottom 10,0 nun to a diameter of 
10,0 mm as shown in Fig. 4. A silica qt.<artz cylinder iO,O nun 
in height was glassblown on top of the cell with an inlet and outlet 
tube. This served as a water filter. The windows (upper and lower) of 
the cell were vitreosil optically polished quartz discs. The cell was 
attached.to the line by means of a ball and socket joint with a neoprene 
ring. 
(ii) TEvlPERATURE CONTROL SYSTEMS 
Two different systems were used in order to obtain accurate temperature 
control during decompositions. The high temperature system involved a 
furnace consisti:ngof a solid cylindrical brass block (diameter 60 TITI11, 
height 90 mm) bored through the centre (19 TITI11 diameter) and machined so as 
to accomodate exactly the decomposition cell. The outer surface of the 
brass cylinder was wound with nichrome wire and insulated with asbestos 
and plaster of paris. The furnace was mounted on a silver steel rod so 
that it could be moved freely in a vertical direction and swing freely in 
a horizontal plane. 111e cell fitted midway into the furnace and rested on 
a brass plug which was machined to the shape of the bottom of the cell. 
111e furnace was held in position around the cell by means of a tapered 























Key to Fig. 4 
Cross-sectional v1e1v of lamp housing, decomposition cell, 
fun1ace, cell holder for intensity determinations and perspex 
support for photometer detector. 
1 Lamp housing 
2 Ultraviolet lamp 
3 Plane window 
4 Water filter 
5 Inlet flow of water through filter 
6 Plane window 
7 Ball and socket joint with neoprene ring 
8 Decomposition cell 
9 Furnace 
10 Platinum resistance thermometer 
11 Brass plug 
12 Holder for cell for intensity measurements 
13 Collar over window of detector 
14 Photometer detector 
15 Perspex support for photometer detector 
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Temperature Controller TnJe 101. 'lbis consisted of a source of electrical 
power for heating and a platinum resistance thermometer which was inserted 
into the side of the furnace so as to be as close as possible to the 
bottom of the decomposition cell. 111e temperature of the furnace was 
measured by a copper-constantan thermocouple placed in an evacuated pyrex 
cell identical in shape to the c}ecomposi tion cell. The thermocouple was 
connected to a pre-calibrated Scalarnp Thermocouple Galvanometer with a· 
range of 0-300°C. ·n1e temperature was controlled in this manner to h•ithin 
±0,5°C over the temperature range 0° - 200°C. 
TI1e low temperature system is illustrated in Fig. 5. The furnace 
used in the high temperature work was replaced by a 5 litre Dewar flask. 
Liquid nitrogen was passed through a copper coil inside the flask which 
\.<Jas filled with absolute alcohol. Immersed in the flask was a stirrer 
which was operated by means of a belt driven by a variable speed induction 
motor. This stirrer was crucial in ensuring minimtun fluctuations in 
temperature. TI1e temperature was controlled by a sensitive temperature 
controller, the circuit of which is shown in Fig. 6. The ·sensor consisted 
of two GZZ thermistors in parallel each having a resistance of 172Q at 22°C. 
At temperatures above -70,0°C only one thermistor was required but both 
were connected for temperatures lower than -70,0°C. The control of the 
temperature was effected by means of an Alco lOORA solenoid valve which 
opened or closed according to the fluctuation in temperature. The 
temperature was measured by means of a -120° - 10°C thermometer 
immersed into the liquid so that the bulb was at the position. normally 
occupied by the bottom of the decomposition cell. The temperature was 
monitored by means of a Thennocoax iron-constantan thermocouple connected 
to a Phillips P.M 8100 flat-bed recorder. Attempts were made to measure 
the temperature by converting the emf to °C using appropriate tables, but 
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Key to Fig. 5 
Low Temperature Apparatus 
1 Outlet for liquid nitrogen 
2 Induction Motor to drive stirrer 
3 Decomposition cell 
4 Stirrer 
S Copper coil through which liquid nitrogen passes 
6 Thermocouple connected to recorder for monitoring 
temperature changes during decomposition 
7 Liquid nitrogen supply feeding liquid nitrogen to 
copper coil via solenoid valve 
8 Solenoid valve 
9 TI1ermometer lead to circuit shown in Fig. 6 
10 TI1ermocouple 
11 · Aluminium plate 
12 Thermistor 
13 Silicon grease in which thermistors are embedded 
14 Dewar flask (volume 5 i ) 
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control obtained was excellent and the temperature was accurate to 
well 1vithin ±0 ,5°C. TI1e. top of the flask was covered with a circular 
aluminium plate with the necessary apertures to allow entries for the 
various components. The cell was positioned as illustrated in the 
figure. The aluminium plate was attached to the flask in such a way as 
to achieve optimum insulation. 
Temperatures in the range 5 ,0° - 20 ,0°C were controlled by using a 
Lauda K4R electronic cooler. Water at the required temperature was 
circulated through the copper coil in the same way as the liquid nitrogen 
was in the lower temperature range. 
(iii) DECOivfPOSITION AND MONITORING PROCEDURES 
Different ultraviolet sources were used for the high temperature 
and low temperature work. The ultraviolet source used for a,'!:bient and 
high temperature photolysis arid co-irradiation studies was a 100 W short 
arc mercury lamp. The power came from a Hanovia D.C. compact power 
supply. The luminous intensity of this lamp was 260 candelas with an 
efficacy of 22 lm/W. The lam:::; was housed in a copper pipe, 40 mm in 
diameter, in such a way that it was positioned at an angle of 45°. This 
was done to ensure that droplets of wwapourized mercury did not sit in 
the bmvl of the lamp while it was in operation. TI1e pipe was open to 
the air at the top and air holes were drilled into the pipe to facilitate 
cooling. The construction is illustrated in Fig. 4. 
TI1e low temperature photolysis studies were conducted with an HBO 
200 W/4 super pr.essure mercury lamp using an HBO 200 W power·supply. 
The luminous intensity of this lamp was 1000 candelas and it had an 
efficacy of 50 lm/W. This lamp was housed in a copper pipe similar to 
that used for the 100 W lamp but was positioned at an angle of 60° with 
the horizontal. .In both cases an aluminized concave mirror was placed 
approximately 50 mm above the centre of the lamp to reflect back any 
light propagated away from the sample. TI1e above arrangement enabled 
the lamp to be brought within· 5 mm of the Jecomposi ti on cell. TI1e 
intensity was varied by varying the distance of the lamp from the 
sample. 
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111e intensity of the ultraviolet radiation was measured by using a 
"Photovolt" photometer, model 520A, incorporating a photomultiplier 
probe head. Accurate readings were facilitated by mounting a brass 
cylinder half the length of the furnace on a rack. This cylinder was 
capable of moving in the same manner as the furnace. TI1e cylinder and 
rack were positioned by means of a tapered pin so that the bottom of the 
cylinder was then in the exact same position as the sample was during 
decomposition. The inside of the cylinder was machined to the shape of 
the decomposition cell, th•3 aperture at the bottom being 5 rrnn in diameter this 
beingthe diameter of the bottom of the decomposition cell. The window 
of the detector (probe head) was covered with a brass collar machined to 
fit the brass cylinder so that the bottom of the decomposition cell 
fitted over the aperture in the collar when the detector was in position. 
Intensity readings were taken with the cell, under vacuum, surrounded by 
the brass cylinder.. The probe head was supported under the cell by 
means of an accurately constructed perspex stand. The readings on the 
photometer were found to vary unduly if the opening of the shutter on the 
probe head was too large. It was also found necessary to store the probe 
head in a desiccator at all times. New lamps were used for all the 
activation energy detenninations and studies of the variation of the rate 
of decomposition with intensity. Intensity measurements were made after 
each run. 
Decompositions were carried out in the quartz decomposition cell 
attached to the line. The powdered sarnple was introduced into the cell 
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by means of a glass rod at the end of 1vhich was a carefully constructed 
trough designed to hold "'2,0 mg. of the powder. In the case of lithium 
azide this process was carried out in a dry box and the cell sealed off 
until attached to the evacuated line. The vacuwi1 line was pumped down 
until the minimum possible pressure Nas reached and·then, after isolating 
the pwi1p, the pressure was monitored for approximately 10 mins. to ensure 
the absence of leaks. The fun1ace, or the alcohol in the flask in the 
case of the low temperature studies, was preset at the desired temperature 
and then brought into position arow1d the cell. The shutter separating 
the lamp housing from the decomposition cell was closed cmd the ultra-
violet lamp switched on. At least fifteen minutes were allowed for the 
lamp to warm up to its maximum intensity and for the sample to attain 
the temperature of the furnace or alcohol. The suction was then opened 
and decomposition commenced. The pressure was monitored by a Pirani 
gauge coupled to a recorder in the case of powders and by a McLeod gauge 
in the case of pellets. 'I11e Pirani was used together with the McLeod 
gauge for pellet TIL'1S for the purpose of measuring the induction period. 
During the course of decomposition the liquid nitrogen around the cold 
trap was kept at a constant level by means of an automatically controlled 
feeding device incorporating a solenoid valve and a thermistor. TI1e 
latter was fixed at 20 mm below the top of the Dewar flask surrounding the 
trap. The light intensity was measured at the end of each run. The 
cell was cleaned by using a dilute solution of hydrofluoric acid. It was 
then rinsed with distilled water and acetone and pW11ped dry. TI1e 
procedures involved in interrupting a decomposition and admitting water 
vapour onto the salt are discussed in section 9. 
(iv) PREPAI~TION OF HYDRAZOIC ACID 
Hydrazoic acid was prepared by an ion exchange process using 
"Analar" cationic resin viz. Pennutit "Zeo-karb" 225 (SRC 13) cation 
exchange resin. Impurities 1vere removed from the column by al temate 
washings with 2M HCl and 2M NaOH, and washing with glass distilled 
water between each acid or alkali washing. The resin was converted 
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to the H+ fo11n by passing two bed volumes of 2M HCl through the column 
followed by six bed volumes of glass distilled water. 500 ml. of a 10% 
solution of B .. D.H. "Analar" grade sodium azide 1~as then passed through the 
bed of resin followed by 400 ml. of glass distilled water. TI1e middle 
portion of the eluent was collected and found to be an approximately 3% 
solution of hydrazoic acid. Ferron reagent and flame photometry tests 
indicated the absence of ions of sodium or iron. 
(v) PREPARATION OF TI-lE AZIDES 
The barium azide and strontium azide used in this study were taken 
from samples prepared two years prior to this work. The method whereby 
it was prepared is described in reference 50. It had been stored in 
vacuo over P20s. 
Calcium and lithium azicles were prepared in a similar manner to the 
above azides. To a slurry of approximately 10, 0 g of the hydroxide of 
calcium or lithium (A.R.), was added 3% hyC:.razoic acid until the solution 
was acidic to phenolphthalein. TI1e colour was pale orange with a small 
amount of precipitate present. All indicator tests were perfonned 
externally. The solution was transferred to a Rotavapor immersed in a 
1vater bath at 60 ,0°C. Hydrazoic acid was continually added in order to 
ensure that the solution 1vas acidic. When the solution had been reduced 
to a slurry, the latter was transferred to an evaporating dish and placed 
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in an oven at 45°C. Dry air was allowed to bleed through the oven to 
a vacuum pump. In the case of calcium azide clear white crystals were 
fanned and in the case of lithium azide two separate preparations 
produced clear white crystals and straw coloured crystals respectively. 
The fonner batch alone was used. TI1e crystals were then pumped to 
dryness, in a blackened desiccator, over P20 5 • The P20s was regularly 
replaced and the desiccator pwnped dow11 regularly. The lithium azide 
was very hygroscopic and was handled at all times in a dry box under 
a positive pressure of dry air. The desiccator was placed in the box 
and pumped dm-m continuously. 
(vi) GRINDING AND PELLETING PROCEDURES 
In order to obtain powders of the various azides small quantities 
of the crystals ·.-:ere ground for 5 min. in a grindex using an agate 
capsule and a nylon ball. The resulting powder was passed through a 
selection of Endecott test sieves. TI1e powder between mesh size 63µ 
and 125µ was collected and stored over P205 in a black vacuum desiccator. 
This whole procedure was carried out inside a dry box in the case of 
lithium azide. The sieved powder was placed in an evacuable KB-R 
die. The die was evacuated for 10 min. and then a pressure of 2000 
lb./sq.in. was applied for 15 min. by a 10 ton Apex Type 341/4 hydraulic 
press. 111e resulting pellets were 5 mm in diameter and 0 ,25 mm thick. 
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9 RESULTS 
Decompositions of the various azides are divided into two categories 
i.e. photolytic decompositions (photolysis), which take place at tempera-
tures below those at which a dark rate can be detected, and co-irradiated 
decompositions, which take place at temperatures where dark rate is 
obsenred. In the case of calcium azide co-irradiation commences at about 
105,0°C and in the case of lithium azide at above 180,0°C. 
Photolytic decompositions at low temperatures i.e. from below -70,0° 
30 ,0°C were carried out on calciwn, strontium, barium and lithium 
azides. At temperatures higher than these only calcium and lithium azides 
were studied, the former in powder and pellet form and the latter in 
powder form only. 
1he variables plotted in the decomposition diagrams are o: and time 
where a = p/pf (p = pressure at time t and Pf = observed final pressure). 
In some instances the final pressure used in the calculations was other 
than that observed. 
Throughout this study powder refers to material of particle size 
ranging from 63µ to 125µ. Pelleted material is powder pressed at 1500 
lb./sq.in. (or in some instances 2000 lb./sq.in.) in a 5 mm die for 
approximately 10 minutes whilst simultaneously evacuating the die. For 
all powder decompositions ±2,0 mg of compound was used and in the 
manufacture of pellets ±8 ,0 mg of powdered material was used resulting 
in pellets 5,0 mm in diameter and 0,25 mm thick. Percentage decompositions 
were calculated assuming the equations for decomposition to be 
M(N 3)2 -+ M + 3N2 for barium, strontium and calcium azides where M 
represents the metal and 2LiN 3 -+ 2Li + 3N2 for lithium azide. Intensity 
units are arbitrary and are only comparable in a particular set of runs. 
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(i) PHOTOLYSIS G_F POWDEHED CALCIUM AND LITHIUM AZIDES AT . .AMBIENT 
AND HIQ-liER TB\1PERi'.\TURES 
T11e photolysis of calcium azide was studied in the temperature range 
35 ,0° - 95 ,0°C as no dark rate 1vas detected in this temperature range 
and hence it could be safely assumed that the thern1al effects iv-ere 
negligible. Similarly the photolysis of lithium azide was studied i.n the 
Tange 24,0° - 170,0°C for the same reasons. In the latter case the 
thennal effects, as shown by the thennal decomposition of lithium azide 
at 180°C, were considerable but the photolytic decompositions in this 
temperature range were completed in a time shorter than the 
induction period of the thenna1 decomposition. For this reason it was 
not found possible to make a study of the co-irradiation of lithium 
azide. TI1e percentage decomposition for calcium azide was 90, 0% and for 
lithium azide 77,9%. 
( i. a) Reproducibility 
In the case of both calcium and lithium azides large particles or 
even those ground in a grindex gave irreproducible results. Crystals of 
calciu11 azide were ground in a grindex and then seived between seives of 
mesh size 63µ and 125µ. The powder thus obtained yielded reproducible 
results. In the case of lithium azide, the compound was found to be 
extremely hygroscopic and it was necessary to handle the salt at all times 
in a dry box which was under positive pressure from air which had initially 
passed through phosphorus pentoxide, calcium chloride and silica gel. 
Initially the method of grinding and pelleting set out by Liddiard1 7 4 was 
used in which the grow1d powder was pelleted and re-ground. It was later 
fOLmd, however, that equally good reproducibility was obtained when the 
powder was ground and. sieved in a manner identical to that described for 
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calcium azide. The reproducibility of calcium azide was tested by 
analyzing three successive photolytic decompositions at a temperature 
of 7 5 °C and an intensity of 24 uni ts. TI1e sets of curves in which a 
is plotted against time were superimposed and satisfactory reproducibility 
was obtained. n-1e three superimposed curves are shown in Fig. 7. In a 
similar mrumer the reproducibility of lithitun azide powder was tested by 
analyzing three successive photolytic decompositions at temperatures of 
30°C and 127°C and light intensities of 37 units and 35 units respectively. 
As in the case of calcitun azide the thTee plots of a against time in each 
set were superimposed and the resulting curves are shown in Fig. 8 and 9. 
As can be seen, satisfactory reproducibility was obtained. T'ne rate 
constru1ts for calcitun azide are tabulated in Table 1 and those fer lithium 
azide in Table 2. In both cases the Avrami-Erofeyev equation Hith n = 2 
was used for the acceleratory period aJ1d the unimolecular law was used for 
the decay period. The applicability of these equations ru1d the detennina-
tion of the final pressures will be discussed in the next section. The 
above conditions with respect to size a.nd handling of powder were adhered 
to in all subsequent tests since they were found to yield reproducible 
results. 
It will be observed from a study of the tables showing reproducibility 
constants as well as the figures illustrating the reproducibility of the 
photolysis of calcium and lithium azides,that the induction period is not 
as reproducible as are the values of kacc and k, . This was found to o.ecay 
be especially so at lower temperatures. Nevertheless, throughout 
this work, analyses are always made of the induction periods if only to 
to illustrate, in some instances, the irreproducibility of this part of 
. the decomposition process. Clearly results obtained from sets of e:>---periments, 
in which the analysis of the induction period indicates considerable 
irreproducibility, should be treated with caution. 
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Table l Reproducibility constants for the photolysis of calcium 
azide powder 
Temperature Intensity Induction Period ~k x 102 k x 102 ace decay 
oc Units . . -1 . -1 min. min . nun . 
75,0 24 6,80 3,45 3,29 
5,40 3 ,58 3,33 
5,30 3,75 3,32 
I 
I 
Table 2 Reproducibility constants for the photolysis of lithium 
azide powder 
I 
Temperature Intensity Induction Period k ace x 10
2 kdecay x 102 
oc Units min. min- 1 • min- 1 • 
30,0 37 3,60 11,70 5,60 
3,00 12,00 5,50 
4,40 12,40 5,80 
127 ,0 35 0,90 6,40 2,00 
0,90 6,30 1,70 
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In all mathematical analyses where slopes of graphs had to be 
determined, a least squares method \-vas used whereby slope and intercept 
were obtaineci. 
(i.b) Mathematical Analyses 
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Photodecomposition cunres of calcium azide in the temperature range 
35,0°- 95,0°C showeda well defined induction period during which there 
was no evolution of gas. 'faere then followed an acce1eratory period and 
a decay period. Tne inflection point occurred in the region of a = 0,35. 
No mathematical analysis of the induction period was possible since there 
was no measurable evolution of gas. For purposes of comparison, however, the 
inverse of the duration of the induction period i.e. the time taken for the 
reaction to reach a = 0,01 was used as a rate constant. 
The acceleratory reaction was described by the Avrami-Erofoyev 
equation with n = 2 
i.e. [-log(l-a)]~ = k t + c ace a = p/pf. 
This equation fitted the cunre in the region 0,01 < a < 0,35. 
The decay reaction was analyzed using the unimolecular law 
i.e. -log(l-a) k, t + c aecay 
This equation fitted the cunre in the region 0,35 < a < 0,90. 
A typical a vs t cunre for the photolysis of calcium azide powder, with 
mathematical analyses, at a temperature of 75°C and light intensity of 
24 units is shown in Fig. 10. 
Tne photolytic decomposition of lithium azide in the temperature range 
25° - 170°C showed the same characteristics as that of calcium azide 
powder. Im induction period was present which was followed by a definite 
acceleratory period and finally a decay period. The decay period was found 
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to be very protracted particularly at lower light intensities. The 
kinetic equations which 1vere tested were the Avrruni-Erofeyev equation, 
the Prout-Tompkins equation, the contracting sphere equation, the 
exponential laws of acceleration and the unimolecular decay equations, 
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.including the power laws of acceleration and decay. The Avrami-Erofeyev 
equation with n = 2 was fow1d to fit the acceleratory reaction. The 
prolonged decay period presented a problem regarding the value of the 
final pressure to be used in nonnalizing the pressures. By using the 
observed final pressure, even after a prolonged period, no highly 
satisfactory fit of equation could be obtained. This necessitated 
estimating a value of the final pressure. This estimated value was given 
the value p'f as opposed to the observed final pressure Pf· The estimated 
value was obtained by plotting the pressure-time curve on graph paper using 
a compressed scale on the time axis and then tapering off the decay period 
at a point where a. had a value of approximately 0,90. This method is 
illustrated in Fig. 11. Care had to be taken that in analyzing a series 
of TW1S this estimation of p'f was done in as highly reproducible a 
manner as possible. Using this estimated value of the final pressure the 
Avrami-Erofeyev equation with n = 2 (where a.= p/p'f) was found to fit the 
acceleratory period in the region 0,01 < a. < 0,25. This represented no 
change from the analysis of the acceleratory period using the observed 
final pressure. The decay reaction was analyzed using the unimolecular 
decay law as in the case of calcium azide except that a.= p/p'f in the 
case of lithium azide. 111is equation was found to fit the decay period in 
the region 0,25 < a. < 0,90. The inflection point thus occurred at a. = 0,25. 




which had been used by Prout mid Sears in a previous study of li thilll11 
azide 74 • Ultimately the unimolecular law was found to fit equally well 
and was used in the analyses foT the sake of consistency in view of the 
fact that Prout and Shephard50 had used it in the analysis of barium and 
strontium azides and that it had been found to fit calcium azide in the 
present study. 
The protracted decay reaction remained a source of interest, however, 
and a study \vas made of this part of the reaction using the split-nm 
technique. The methods involved and the results obtained in this study 
will be discussed in the next section. The unirnolecular law was also 
used in the analysis of the split-runs. In the plots shown of a vs t in 
the case of lithium azide the values of a were obtained using the observed 
final pressure and not the estimated final pressure. 
Typical a vs t curves of the photolysis of lithium azide powder, with 
mathematical analyses at temperatures of 30°C and 127°C and light 
intensities of 37 units and 35 units respectively are shown in Fig. 11 
and 12. Curve A shows a plot of a vs t (a = p/pf). The position in the 
decay reaction where.the final pressure was estimated is indicated on· 
this curve (p'f). Curve Bis a plot of the Avrmni-Erofeyev equation 
(n = 2). against time with pf' the observed final pressure, being used in 
the equation. Curve B' shows a plot of the same equation except that p'f 
was used as the final pressure value. Curves C- and C' are plots of the 
w1imolecular law against time. C was obtained by using the observed final 
pressure Pf in the equation while the curve C' was obtained by using the 
estimated final pressure p'f· Thus for the determination of all rate 
constants for the photolytic decompositions of lithium azide powder, a 
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( i. c) Evaluation of Activat1:on Energies 
Activation energies for calcium and lithium azides were obtained by 
· decomposing samples at various teIJTl,Jeratures in the photolytic temperature 
range. The light intensity was kept at a constant value throughout ti1e 
determination. In order to obtain the critical increment·of the process(es) 
occurring during photolysis, the Arrhenius equation was applied. For the 
induction period the logarithm of the reciprocal of the induction period 
was plotted against 10 3/T, and for the acceleratory and decay reactions 
the logatitluns of k and kd-ec respectively were plotted against 10 3/T ace ay 
where T is the temperature of decomposition in K. 
A constant light intensity of 24,0 units was chosen for calcium azide 
and a value of 35,0 units for lithium azide for ti1e detennination of rate 
constants throughout the respective temperature ranges. 
In the. case of calcium azide it was fow1d that a change occurred in 
the activation energy at 60 ,0°C aJ1d activation energies were calculated 
separately for the 35,0 - 60,0°C amd 60,0 - 95,0°C ranges. For lithium 
azide the change in activation energy occurred at 71,8°C and thus activation 
energies were calculated in the ranges 24,6° - 71,8°C and 71,8° - 170°C. 
As already mentioned the photolytic decomposition of lithium azide 
was extremely rapid at the temperature of 170,0°C and for this reason the 
possibility of co-irradiation was disregarded. Fig. 13 illustrates the 
difference between the thermal decomposition and photolysis of lithium 
azide at 180°C. The decompos~tion curves shoM1 in this figure indicate 
clearly that at this temperature thennal effects are negligible. 
Table 3 gives the rate constants for calcium azide and Table 4 those. 
for lithium azide. 111e activation energies for the photolysis of calcium 
azide are shown in Table 5 and the activation energies for the photolysis 










Comparison between thermal decomposition 
and photolysis 
Temperature: 180,0°C 
Intensity 14 units 
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Table 3 Rate constants for the photolysis of calcium azide powder 
Temperature range: 35 0°- 95 0°C 
~ ' 
Light intensity 24 units 
I 
-
Temperature Induction Period k ace x 10
2 k x decay 
102 
oc min. rnin- 1 • min- 1 . 
35,0 52,0 0,85 0,44 
40,0 31,8 1,05 0,59 
45,0 31,0 1,50 0,60 
50,0 21,5 1,62 0,74 
55,0 25,5 1, 77 0,68 
60,0 16,6 2,20 0,88 
65,0 11, 7 2,80 1,30 
70,0 12,0 4,10 2,20 
75,0 8,0 5,20 3,00 
80,0 7,0 6,50 3,20 
85,0 6,0 7,70 5 ,40. 
90 0 
' 4,0 8,90 7,90 
95,0 3,5 14,70 11,40 
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Table 4 Rate constants for the photolysis of lithium azide powder 
Temperature range: 24,6°- 170,0°C 
Light intensity 35 units 
I 
Temperature Induction Period k c x 102 ac kdecay x 102 
oc min. min- 1 • min-1. 
I 
24,6 13,8 1,61 0,56 I 
33,2 16,0 1,70 0,48 
44,8 6,0 2,36 1,10 
53,5 9,0 2,67 1,19 
60,0 5,8 3 ,13 1,06 
66,0 3.,6 4,72 1,53 
71, 8 4,0 3,43 1,44 
76,2 2,8 4,32 1,18 
82,5 1,6 5,08 1,55 
88,1 3 ,8 . 6,12 1,87 
90,0 1,85 8,o4 2,02 
95,2 1,6 8,34 2,24 
100,2 1,0 10 ,00 3,02 
101,0 1,4 10,81 3,08 
106,0 0,7 13,00 3,10 
112,2 0,75 15,14 6,14 
117 ,2 1,0 17,86 12,25 
134,8 0,32 33,81 16,48 
146,5 0,12 . 42 ,95 19,10 
153,0 0,06 60,26 21,93 
158,0 0,07 54,95 36,22 
164,0 0,06 65 ,77 26,06 
170,0 0,05 90,99 48,19 
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Table 5 Activation energies for the photolysis of calcium azide 
powder 
Intensity 24 units 
Temperature Induction Peri:r Acceleratory Period Decay Period 
Range 
Kcal./mol. Kcal./mol. Kcal./mol. be 
35,0 - 60,0 7,78 7,30 4,67 
j 60,0 - 95,0 10,80 12,52 17,36 
Table 6 Activation energies for the photolysis of lithium azide 
powder 
Intensity 35 units 
--
Temperature Induction Period Acceleratory Period Decay Period 
Range 
oc Kcal./mol. Kcal./mol. Kcal./mol. 
24,6 - 71,8 6,10 4,20 3,20 
71,8 - 170,0 11,50 9,90 11,60 I I 
I 
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111e plots of -log I. P., log k , and log kd against 103 /T in · ~ ace .· ecay 
the various temperature :ranges _for the photolysis of calcium azide are 
shown in Fig. 14-16. The corresponding plots for the photolysis of 
lithiLU11 azide are shown in Fig. 17-20. 
A split-nm study \vas made of the decay reaction in the photolysis 
of lithium azide. With this method the decomposition was allowed to 
proceed at the lowest temperature at which the first rate constant 1vas 
to be calculated. After an appropriate time the run was interrupted by 
shutting off the ultraviolet radiation and removing the furnace from the 
sample. The temperature of the furnace was then adjusted to a higher 
temperature while the sample was allowed to cool to room temperature. 
When the ·furnace had reached the new temperature it was replaced in 
position around the decomposition cell and photodecomposition was started 
after the sample hadbeen given 5 minutes in which to reach the temperature 
of the furnace. Five or six rate constants could be found for the decay 
reaction using one sample of lithium azide powder. 
Before the split-run technique was used to detennine the activation 
energy, it was necessary to ensure that the interruption in the run had no 
subsequent effect on t11e photolytic decomposition of the compound. To this 
end a decomposition was allowed to proceed to a certain point and then 
interrupted in the manner described in the previous paragraph. It was 
found that the subsequent reaction continued as though no interruption had 
taken place. 
The activation energy for the decay reaction in the photolysis of 
lithium azide powder was thus detennined. The range of temperatures over 
which the rate constants were calculted was 55,0° - 126,6°C and a light· 
intensity of 35,0 units was used. The change in the activation energy was 
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Fig.16 
CaN6 Powder 
Photolysis: 35,0°- 95,0°C 
Intensity : 24,0 units 
Activation Energy Detennination 
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Fig. 17 
LiN3 Powder 
Photolysis : 24 ,6 ° - 71,8 °C 
Intensity : 35 units 
Activation Energy 
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Photolysis: 71,8°- 170;0°C 
Intensity : 3S units 
Activation Energy Determination 
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Fig. 20 
LiN3 Powder 
Photolysis: 71 8°- 170 0°C 
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Intensity : 35 units 
Activation Energy Detennination 
Decay Period 
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Table 7 Rate constants for the decay reaction of photolysed 
lithium azide powder (Split Rw1 Technique) 
Temperature range 5 5 ' 0° - 12 6 ' 6 ° c 
Light intensity 35 units 
Temperature Range Temperature kd x 10 3 ecay 
of Split Run °C oc . -1 min • 
55,0 - 78,0 55,0 1,3 
65,0 1,4 
74,0 1,6 
78 ,0 - 126,6 85,0 2,1 
95,0 4,4 
106,0 4,1 
116 ,0 5,4 
126,6 7,0 
Table 8 Activation energies for the decay reaction of photolysed 
lithium azide powder (Split Run Technique) 
Intensity 35 units 
Temperature Range Decay Period 
oc Kcal ./mol. 
55,0 - 78,0 2,48 













LiN 3 Powder 
Photolysis: SS,if - 126,6°C 
Intensity : 35 units 
Activation Energy Detennination 
(Split Run on Decay Reaction) 
log kdecay vs 10 3/T 
·~~~~~~~--·~ 




decay reaction using the splj.t run technique and Table 8 the corresponding 
activation energies. Fig. 21 shows the plot of log kdec vs 10 3/T for . . ay 
these runs. 
/ . 
li. d) The effect of variation of .intensity of ultraviolet Ught .8ource 
'- ... ~-
The rates of photolysis of calcium and lithium azides'·were,:~~~a;:;~r_0~, 
'·- ---~· - - . 
at different light intensities with the temperature being kept constant 
for the purpose of detennining the molecularity of the processes taking 
place. The method used to vary the intensity of the light has already 
\; 
been explained in section 8(iii). The effect of variation of light 
intensity in the photolysis of calcium azide was studied at 55 ,0°c,. and -9p,o~c~,..·) 
'- .... ___ ___.- ./ 
and, in the case of lithium azide, at 30,0°C and 127,0°C. 
The equation 
k = Im + c 
where k = rate constant 
I = intensity 
m molecularity 
c = constant 
was used to analyze the results and thus a value for m was obtained for 
each of the induction, acceleratory and decay periods by ignoring c, and 
rearranging the equation to 
log k = m log,J~ 
Log k was then plotted against log I. 
Table 9 giy~~ the rate constants for the photolysis of calcium azide 
at 90,0°C and·· 55~0°C at various light intensities and Table 10 gives the 
' . I 
rate constants,~f~r the photolysis of lithililll azide at 127 ,0°C and 30 ,0°C . , - ........_ __ 
also at various light intensities>". Tables ii and 12 give the values of -ffi) 
. ...._. - ---- - --· - - -- .., - - - - - -~ - -- --· - - -~. _, 
~:for c~alci~ ~~~~~~:a:iid_ lithi~ azid~·~;~~pectively. Fig.- 22-;5- and Fi;.-z-6~28 
- ~~ - ---:· - -·---""'""" .. '""°'!'-" :, .. ::,,--·- ··~- ·-·--·- .:,-·~~ - ··- ---- ...... -·- ----- - - ~ .... _ --.· ·------· -- - --
~ ... _ - ""'· _,;;:.. __ -- .. - .. _ •""- .,,_ , - - ~ _,. .... ' - ·- ~ 
show_plots _~f k against rm for calcium and lithium azides respe'Gtively. In 
"K...- -• ~ -~--- .. ·- ••• -··· y ·~------··----· ··-~ -·..-- ··- c. . -- - ··~ •-·--- _ •-c- • '."-~ - .J' 
all graphs the value of m has been corrected to the nearest whole number. 
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Table 9 Rate constants for the photolysis of calcium azide powder 
at various light intensities 
-
k x 1:-i Temperature Intensity Induction Period kacc x 102 decay 
oc Units xlO min. min- 1 • min- 1 • 
90,0 8,5 10,7 3,8 3,3 
12,5 7 ,7 5,4 3,8 
14,0 5,7 6,0 4,7 
16,0 5,5 6,4 3,6 
19,0 4,5 9,9 6,5 
20,0 4,4 8,0 4,2 
24,0 4,8 9,5 8,4 
30,8 3,0 11,8 7,5 
36,0 2,8 12,7 10,6 
38,0 3,4 13,6 9,9 
41,0 1,6 13 ,6 13,1 
65,0 1,3 23,2 17,7 
55,0 20,0 34,8 1,2 0,65 
26,6 ' 1,6 0 ,77 23,0 
25,0 25,2 2,0 0,74 
30,0 17,4 2,4 0,80 
32,0 17,4 2,6 1,70 
37,0 23,2 3,8 2,10 
42,5 10,4 4,9 2,70 
47,0 9,3 4,5 2,70 
50,0 8,0 6,2 4,10 
56,0 8,2 7 ,2 4,00 
Table 10 Rate constants for the photolysis of lithium azide 
powder at various light intensities 
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_c ___ -+-__ ur_i_it_s_-+---~x_1_o~m_1_·1_1_._........,_ _ m_i1_1-_1_.~-+---m-in ___ -_1 • ----~/ 
127,0 7,5 6,5 4,3 0,62 
13,5 I 6,1 s,3 1,10 
30,0 
22,0 5,0 9,9 1,70 
29,5 6,0 19,2 2,80 
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Table 11 Value of m in the equation k = rm + c for calcium azide 
powder 
Temperature 
oc Induction Period Acceleratory Period Decay Period 
90,0 0,99 0,84 0,90 
55,0 1,46 1,70 2,00 




oc Induction Period Acceleratory Period . Decay Period 
127,0 1,14 1,14 l,ld 
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Fig. 26 
LiN3 Powder 
Photolysis : 30,0°C 
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(i. e) Visual observations 
The colour of the calcilun and Jithiwn azide nowders was observed at 
J. 
various stages of photolysis. Observations were carried out on calcium 
azide at a temperature of 47,0°C and a light intensity of 5 w1its. An 
140 
opthalmascope was used in order to improve the quality of the observation. 
At.a= 0,01 very little change had taken place and when a= 0,07 the 
powder had become light brmvn on top but was still white underneath. At 
a. = 0,14 the sample had become light brown throughout progressively 
becoming a darker brown colour until at a = 0,28, which was near the 
inflection point, the powder was almost black on top with individual part-
icles becoming clearer. TI1is process of blackening, with the presence of 
what appeared to be large particl%, continued until at ci = 0 ,61 the 
sample was black throughout and continued as such to the end. The final 
product reacted violently on exposure to the atmosphere or to a weak acid 
solution. 
The sample of lithium azide was observed at a temperature of 30,0°C 
and an intensity of 35 units. At the end of the induction period the 
sample started to turn a light bro1\ill colour. Immediately after the end of 
the induction period one or two small "explosions" occurred. The colour 
of the sample then became a darker brmvn. Throughout the photolytic 
decomposition process at this stage the "explosions" became progressively 
more violent. At a ~ 0,20 the state of perturbation, as it were, reached 
a maximum. TI1e peak of activity at a. ::: 0 ,20 was just prior to the inflec-
tion point. Subsequently the sample became a darker bro1\ill and the activity 
subsided. When the sample had re-settled dark brown spots formed and at 
the end of the decomposition a dark brick red to black sample remained which 
reacted violently on the addition of a weak acid .solution. 
Lithium azide was also observed at a temperature of 127,0°C and an 
intensity of 35 units. The observations were basically the same as those 
made at 30,0°C. The final product was a black colour and, like the 
final product of ca1cium azide, reacted violently on exposure to the 
atmosphere, a bright flash and 1v-hi te fumes being observed. 
( i. f) Inten'?.1..ption -of a photodecomposi ti on: dark rate detepminat1:on 
141 
AU photolytic decompositions of calcimn azide below ll0,0°C and of 
lithium azide in the temperature range studied ceased the moment the 
ultraviolet radiation was removed. No measurable dark rate could be 
observed in these ranges. On recommencing photolytic decompositions the 
runs continued as though no interruption had occurred. 
(i.g) Admittance of water vapour foUouiing an interruption:· 
In order to investigate the presence of metallic nuclei at various 
stages of the photolytic decomposition of calcium and lithiLnnazides, 
water vapour (17 torr pressure) was introduced after the reaction had 
reached a certain point. These decompositions are called 'water 
interruptions'. This was achieved by introducing 1 ml of distilled water 
into the cold trap before the decomposition cell was connected to the 
line. The water was then solidified by the liquid nitrogen surrounding 
the trap. After the cell had been connected to the line, the system 1vas 
pumped down and decomposition commenced in the normal manner. At the 
selected point of interruption the ultraviolet radiation 1vas shut off and 
the furnace removed from the sample. The expansion bulbs and the 
decomposition cell were then isolated and the liquid nitrogen flask 
removed. When at least half of the water present had vapourized it was 
allowed to come into contact with the sample for a period of 1 minute, 
after which the water vapour was pumped from the line. The pump·was then 
isolated, the liquid nitrogen trap replaced and the furnace repositioned 
arow1d the sample. Tne sample was then allowed 5 min. in which to reach 
142 
the decomposition temperature, the expansion bulbs were opened, the sample 
exposed to the ultraviolet radiation a11d the deccmposition continued. 
Prior to carrying out the water interruption tests the effect of 
interrupting a decomposition was examined. The method of studying this 
effect has already been explained in section 9(i.c). This test was carried 
out on both compoW1ds at a variety of temperatures and light intensities. 
It was found in the case of both calcium and lithium azide that the inter-
ruption had no effect on the subsequent reaction which continued as if no 
interruption had taken place. 
Water interruption tests were carried out on calcium azide at a 
temperature of 75,0°C and a light intensity of 6,5 units as well as on 
lithium azide at a temperature of 30,0°C and light inteasity of 35 units 
and at a temperature of 96,5°C and a light intensity of 22 W1its. In the 
case of calcium azide the water vapour was introduced at time t = 0, 
midway along the induction period and at a values of 0,01; 0,13; 0,27; 0,40 
and 0,59. 1Vith lithium azide at 96,5°C the water vapour was introduced at 
time t = 0, midway along the induction period, and at a values of 0,02; 
0,17; 0,37 and 0,61. 
The results of these investigations were similar for both calciun1 and 
lithium azides. The interruptions during the induction period had virtually 
no effect on the subsequent reaction other than to lengthen the induction 
period slightly compared to that of an uninterruptedrW1. When water 
vapour was introduced at a = 0,01 a new induction period, somewhat shorter 
than that for an uninterrupted run, was observed. Interruptions at other 
positions along the decomposition curve caused this new· induction period, 
observed at a = 0,01, to become more protracted. In all cases the 
subsequent reaction showed the usual acceleratory and decay regions 
although the values of kacc and kdecay decreased as the point of 
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introduced at values of a greater th<m that of the inflection point, 
the induction period became extremely long relative to that of an un-
interrupted run and the subsequent reaction reduced to a point 1vhere it 
could be considered to have been virtually destroyed. In all cases of 
interruptions taking place after the nonnal induction period, the final 
pressure was observed to be less than that of an uninterrupted nm, the 
reduction being greater the later the interruption. The results for 
calcium azide are shown in Fig. 29 and those for lithium azide at 96?5°C in 
Fig. 30. The pressures have not been nonnalized so that the effect of the 
interruptions on the final pressure can be observed. 
(i.h) The effect of filtering the high intensity arc with blue and 
ultraviolet t2"ansmission filters 
In order to detennine which wavelengths of ultraviolet radiation 
were most effective for the photolysis of calcium and lithiwn azides, 
various Schott filters were used. 
Photodecompositions were carried out on calcium azide at temperatures 
of 55,0°C and 90,0°C and a light intensit..yof 35,0 units in both cases~ 
The effect of filters on lithium azide was studied at temperatures of 30,0°C 
and 127,0°C and light intensities of 27,5 and 23,0 units respectively. The 
Schott filters and their Chance equivalents as well as the radiation and the 
light intensities transmitted by these filters are listed in Table 13. 
The effect of the filters was found to be similar for both compounds. 
TI1e 5 mm BG12 filter caused the reaction to slow down drastically, its 
decreasing effect on the reaction relative to a normal reaction being very 
much more than that of the other two filters. The 3 mm UG5 and the 1 mm 
UGl filters both caused a: reduction in the reaction rate, the latter more 
so than the fonner although, in the case of calcium azide, the difference in 
the effects of these two filters was not as great as in the case of lithium 
146 
Table 13 Filters used in the photolysis of calcium and lithium azide 
Schott filter Chance filter Transmitted 
;\ Transmitted 
run Intensity l 
3 mm UGS ox 7 220 420 0,16 I - I 
1 mm UGl - 280 - 420 0,20 
5 mm BG12 OY 10 330 - 490 0,26 
I 
azide. These results are illustrated in Fig. 31 and 32 for calcium azide 
and in Fig. 33 and 34 for lithium azide. 
(i. i) The determination of the nature of photolytic nuclei 
At the end of the induction period the crystal is a function of the 
number of nuclei, their spatial distribution, the size and shape of the 
nuclei and the variety of properties of the nuclei themselves (e.g. 
chemical, crystallographic and electronic structure). In order to deter-
mine whether the photolysis of calcium and lithium azides involved similar 
reaction centres, i.e. nuclei, to those involved in thennal decomposition 
the following tests were performed. 
The compow1d was decomposed thermally (at 119,0°C for calcium azide 
and 147 ,0°C for lithium azide) w1til the reaction had reached the end of 
the induction period. The furnace 'vas then removed from the sample. Once 
the furnace had cooled to a lower temperature (85,0°C in the case of both 
calcium and lithium azides)it was replaced in position around the cell. A 
warm-up time of 5 min. was allowed and then photolysis commenced (the light 
intensities '''ere 10 units for calcium azide and 22 units for lithitun azide). 
It was fow1d that photolysis commenced without an induction period and that 
1,0 
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the rate of the ~-eaction was the same as that expected for a purely 
photolytic decomposition. The reverse procedure of photolysis until the 
end of the induction period followed by thennal decomposition at the 
higher temperature showed a similar effect in that the thermal decomp-
osition commenced without an induction period. 
(ii) PHOTOLYSIS OF PELLETED CALCIUM AZIDE AT AMBIENT AND HIGHER 
TEMPERATURES 
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The photolysis of calciwn azide pellets was studied in.the temper-
ature range 25,0°- 90,0°C. The pellets had a mass of±8,0 mg, were 5 rrnn 
in diameter and 0,25 mm thick. The method of preparing these pellets has 
been described in section 8 (vi). The percentage composition 1vas found to 
be 73,4%. 
(ii. a) Reprod».cibility 
The shape of the decomposition curve obtained from the pl1otolysis 
of pelleted calcium azide differed from that obtained for photolyzed 
powder. The most marked change was a less distinctive acceleratory 
period. The inflection point in photolytic decompositions of pelleted 
calcil1~ azide was at a= 0,27. Fig. 35 illustrates three typical.a vs t 
curves for the photolysis of calcium azide pellets at a temperature of 
55,0°C and a light intensity of 30,0 units. The induction period and 
acceleratory period are not as reproducible as in the case of the powdered 
form and, as will be seen from the reproducibility constants in Table 14, 
the reproducibility obtained is not as good as that for the powder. On a 
number of occasions the pellet fractured during or shortly after the end 
of the induction period. This was particularly frequent at high tempera-
tures or light intensities. TI1e fracturing was accompanied by a sudden 
burst of gas often to an a value of :::Q,50 arid was followed by a smooth 
decomposition curve. Such decompositions were never used in this study. 
(ii.b) MathematicaZ AnaZyses 
TI1e decomposition curve of the unfractured pellet was analyzed as 
for the pmvdered calciwn azide .. The inverse of the duration of the 
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The acceleratory reaction was found to obey the Avrami-Erofeyev equation 
with n = 2 and the decay reaction was analyzed using the unimolecular law. 
The fonner equation fitted the curve in the region 0,01 < a. < 0,27 and 
the latter equation fitted the curve in the region 0,27 < a < 0,90. No 
significant difference was found to arise in the mathematical analyses of 
the decomposition curve \\'hen the pelleting pressure was varied. In general 
a pelleting pressure of 1500 lb./sq.in. was used but in some instances a 
pressure of 2000 lb./sq.in. was used mainly for the purpose of illustrating 
the similarity of the results. The rate constants obtained using the above 
methodsof analysis are listed in Table 14 and Fig. 36 shows a typical 
a. vs t curve for the photolysis of a calcium azide pellet, with mathematical 
analyses, at a temperature of 55,0°C and a light intensity of 30,0 units. 
Table 14 Reproducibility constants for the photolysis of calcium azide 
pellets. 
Pelleting pressure: 1500 lb./sq.in. 
.Temperature Intensity Induction Period k ace x 10
2 kdecay x 102 
oc Units min. min- 1 • min- 1 • 
55,0 30 17,0 4,6 7,0 
13 ,6 4,5 7,2 
17,2 3,7 4,5 
I 
(ii.c) Evaluation of activation energies 
Activation energies were determined in the usual manner as described 
in the case of the powder. However, in view of the relatively poor reprod-
ucibility obtained in the case of the pelleted calcium azide, activation 
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energies were also detennined using a split-run teclmique. This latter 
method implied necessarily a study of the decay reaction only. As 
previously mentioned the results of any decomposition in which a pellet 
fractured were discarded. The technique involved in the split-run study 
has already been described in Section 9( i. a) with respect to the study 
of the decay period of lithium azide powder. The necessary tests to 
ensure that interrupting a run had no adverse effect on the subsequei1t 
decomposition were perfonned. It was found that the decomposition 
continued as if no interruption had taken place. 
Activation energies were detennined for the induction period, the 
acceleratory period and the decay period for calcium azide .. pellets 
pressed at 1500 lb./sq.in. These pellets were decomposed separately and 
were photolyzed in the temperature range 25,0°- 50,0°C with a light 
intensity of 30 ,0 units. Table 15 gives the rate constants obtained from· 
this set of runs. The activation energies were obtained using the 
Arrhenius equation and these values are listed in Table 18. Fig. 37 
illustrates the plots of -log(I.P.), log kacc and log kdecay against 10 3/T 
for the abovementioned light intensity and temperature range. 
Activation energies were determined for the decay reactions at pellet-
ing pressures of 1500 lb./sq.in. and 2000 lb./sq.in. respectively. It was 
assumed, from the results obtained for powdered calcium azide, that a change 
in activation energy would be expected at ±60,0°C. Activation energies 
were detennined in the temperature range 30,0°- 60,0°C at light intensities 
of 41,0 and 30,0 units, and in the temperature range 60,0°- 90,0°C at light 
intensities of 30,0 and 12,0 units. Table 17 lists the rate constants 
for these various sets of runs and Table 18 gives the activation energies 
obtained for the various temperature ranges over the decay period by plot-
ting log kdecay against 10 3/T. Fig. 38 illustrates the plot of log kdecay 
Table 15 
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Rate constants for the photolysis of calcium azide pellets 
(Separate runs) 
Pelleting pressure: 1 500 lb./sq.in. 
Temperature range 25,0c- 50,occ 
Light intensity 30,0 units 
















min. min- 1 • min- 1 • 
44,2 1,30 1,20 
35,6 1,60 1,60 
42,0 1,40 1,20 
31,2 2,00 3,40 
22,6 1,70 1,40 
18,0 4,50 5,60 
Rate constants for the photolysis of calcium azide pellets 
over the decay period (Split Runs) 
Pelleting pressure: 2 000 lh./sq. in. 
Temperature range : 30 ac - 80 ace 
' ' 
Temperature Range Temperature kdecay x 10
2 
of Split Run 
cc oc min- 1 • 
30,0 - 60,0 29,5 0,12 




56,0 . 0 ,44 




Table 17 Rate constants for the photolysis of calcium azide pellets 
over the decay period (Split Runs) 
Pelleting pressure: 1 500 lb./sq.in. 
Temperature range : 30,0°- 90,0°C 
Int~nsity Temperature Range Temperature I kdecay x 102 
of Split Run 
Units oc oc min- 1 • 



























Table 18 Activation energies for the photolysis of calcium azide 
pellets 
Pelleting pressure: 1 500 lb./sq.in. 
Intensity Temperature Induction Acceleratory Decay I 
Units Range Period Period Period 
oc Kcal./mol. Kcal./mol. Kcal./mol. 
30 25,0 - 50,0 6,39 7 ,,07 12,11 
30 30,0 - 60,0 - - 12,87 
41 30,0 - 60,0 - - 15,34 
30 60,0 - 80,0 - - 22,75 
12 60,0 - 90,0 - - 26,06 
Table 19 Activation energies for the photolysis of calcium azide 
pellets (Split run) 
Pelleting pressure: 2 000 lb ./sq. in. 
Intensity Temperature Range Decay Period 
Units oc Kcal./mol. . 
41 30,0 - 60,0 12,25 
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vs 10 3/T for the temperature range 30,0° - 60,0°C and the relevant light 
intensities and Fig. 39 the same plots for the temperature range 60,0° -
90,0°C and the relevant light intensities. 
Another set of split~nms over t11e decay period lvas carried out at 
a pelleting pressure of 2000 lb./sq.in. and over the temperature range of 
30,0° - 80,0°C. 111e light intensity was 41,0 w1its in the range 30,0° -
60,0°C and 15,0 w1its in the range 60,0° - 80,0°C. Table 16 lists the rate 
constants obtained for the decay period. The activation energies for this 
decay reaction at a pelleting pressuTe of 2000 lb./sq.in. are listed in 
Table 19. Fig. 40 illustrates the plots of log kdecay against 10 3/T over 
the temperature range 30,0° - 60,0°C and 60,0° - 80,0°C at the abovementioned 
light intensities. 
(ii.d) Visual obse1'Vations 
A pellet of calcium azide was observed visually during various stages 
of the photolytic decomposition. The decomposition took place at a 
temperature of 47,0°C and a light intensity of 20,0 units. The pelleting 
pressure was 1500 lb./sq.in. During the course of the induction period the 
surface facing the light source turned a brownish colour and the opposite 
side of the pellet showed the appearance of brown spots. By the end of the 
induction period the whole upper surface had tun1ed dark brmm whereas the 
lower surface was covered with large brown patches. At a = 0,30 the upper 
surface of the pellet had turned almost black on top and the lower surf ace 
dark brown in patches. By breaking a pellet open inside the cell at this 
stage, the interior of the pellet was seen to be white. At a = 0,62 the 
external surfaces of the pellet were black. At the end of the reaction, a 
broken pellet revealed some very small edges still white. 
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(ii.e)Jnterruption of a photodecorrrposition: dark rate determination 
No measurable dark rate could be observed at any stage in a photo-
lytic decomposition of a pellet of calcium azide in the given temperature 
range. 'foe reaction ceased the moment the light was switched off but 
commenced as though no interruption had taken place once the light was 
switched on again. 
(ii.f)Ad.mittance of water vapour following an interruption 
In order to investigate the presence of metallic nuclei, water 
vapour (17 torr pressure) was admitted at various stages of the decomposi-
tion. TI1e method used was identical to that for 'water interruptions' in 
the powder. Pellets of calcium azide pressed at a pressure of 1500 lb./sq.in. 
were photolyzed at a temperature of 74,0°C and a light intensity of 2,5 units 
and subjected to water interruptions at time t = 0, midway along the induct-
tion period and at a values of 0,05; 0,41 and. 0,48. Prior to the 'water 
interruptions' it was confirmed that an interruption in a decomposition had 
no effect on the subsequent reaction. A5 can be seen from Fig. 41 inter-
ruptions at points beyond the inflection point of a 0,27 virtually caused 
the subsequent reaction to be completely.destroyed. Interruptions at 
points prior to a = 0,27 caused the appearance of a new induction period, 
followed by a normal decomposition with a slight reduction in the value of 
the acceleratory and decay rate constants as well as of the final pressure. 
Interruptions at time t = 0 and during the induction period had virtually 
no effect on ti1e subsequent reaction compared to that for an uninterrupted 
run. 
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(iii) IRRADIATION OF POWDERED CALCIUM AZJDE WITH ULTRAVIOLET LIQ-ff DURING 
11-IERMt\L DECQ'v!POSITION (CO-IRRADIATION) 
Co-irradiation is the term used to describe photolytic decomposi-
tions \\1hich take place in the temperature range in which a dark rate 
exists i.e. where thennal decornposi tion is taking place at a comparable 
rate. The temperature range over which the co-irradiation of calcium 
azide was studied was 110,0° - 140,0°C. Irradiation with ultraviolet 
light during thennal decomposition had a marked effect on the rate of 
decomposition. The induction period decreased and the rates of the 
acceleratory and decay reactions increased. Fig. 42 depicts the difference 
between the thermal decomposition of calcium azide powder at 122,0°C and 
the co-irradiated decomposition of calcium azide powder at the same 
temperature and with a light intensity of 11,5 units. The abovementioned 
effects are clearly illustrated. The percentage decomposition was found 
to be 91,0%. 
(iii. a) Reproducibility 
To investigate the_ reproducibility of co-irradiated decompositions, 
three decompositions of calcium azide were carried out at a temperature of 
122,0°C and a light intensity of 11,5 units. The resulting decomposition 
curves were superi~posed and satisfactory reproducibility was obtained for 
the induction and acceleratory periods but the decay period did not yield 
equally good results. 111e curves obtained are illustrated in Fig. 43. 
(iii.b) Mathematical analyses 
The decomposition curves for co-irradiation of calcium azide powder 
were analyzed as for the photolyzed powdered and pelleted forms. ine 
inverse of the duration of tile induction period was considered as the rate 
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analyzed using the Avrami-Erofeyev equation with.n = 2 and the decay 
reaction was analyzed using the unimolecular law. TI1e fcrmer equation 
fitted the decomposition cun;es in the range 0,05 < a < 0,52 and the 
latter equation fitted the curve in the range 0,52 < a < 0,95. The 
inflection point occurred at a = 0, 52. A typical a vs t curve for 
co-irradiated calcium azide at a temperature of 122,0°C and a light 
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intensity of 11,5 units is illustrated in Fig. 44 together with analyses 
of the acceleratory and decay periods. Reproducibility constants using 
the method of analysis for the co-irradiated decompositions described in 
section 9 {iii. a) are listed in Table 20. 
Table 20 Reproducibility constants for co-irradiated calcium azide 
powder 
Temperature Intensity Induction Period. k x 102 . 2 ace kdecay x 10 
oc Units min. min- 1 • min- 1 • 
122,5 11,5 1,20 5,31 7,20 
1,24 5,46 8,40 
1,22 5,39 5,40 
-
(iii.c) Evaluation of activation energies 
A series of rw1s was carried out in which the intensity was kept 
constant and the decomposition temperature varied over the temperature 
rai.1.ge 110,0° - 132,0°C. Rate constants were determined and the Arrhenius 
equation used in the usual manner to determine the values of the activation 
energies for the various stages of the reaction. Three sets of runs 1vere 
carried out, each at a different but constant light intensity, in order to 
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Table 21 Rate constants for the co-irradiation of calciwn azide 
powder 
Temperature range 109,0°- 132,0°C 
Intensity Temperature Induction Period kacc x 101 k decay x 10
1 
Units oc min. min- 1 • min- 1 • 
7,0 110 ,o 3,26 1,36 1,88 
' 
114 ,6 2,20 1,77 2,31 
119 ,9 1,68 3,02 5,59 
125,9 1,17 4,88 7 '72 
131~5 0,68 6,89 11,40 
11,S 110,5 2,51 2,44 2,75 
113,9 2,00 3,20 4,14 
120,0 1,40 5,06 6,08 
125 ,4 0,86 6,81 9,20 
-
131,0 0,66 8,10 1,64 
17,5 109,0 2,20 1,54 3,52 
113,1 2,15 2,13 5,10 
120,0 1,20 4,05 8,59 
124,7 1,0 7 4,38 11,20 






examine the effect of a more intense radiation on the activation energy 
of the co-irradiated compound. · Activation energies were thus determined 
using light intensities of 7,0; 11,5 and 17,5 units respectively. 
Higher intensities were of no value since the decomposition took place so 
rapidly that the time taken for the reaction to go to completion was less 
than the time taken for the pressure equilibration throughout the line. 
Table 21 lists the rate constants obtained for the co-irradiated decomp-
osition of calcium azide powder in the temperature range 110,0° - 132,0°C 
and light intensities of 7 ,0; 11,5 and 17 ,5 t1nits. Table 22 lists the 
activation energies obtained at each light intensity. As can be seen from 
these values, the activation energy tends to decrease slightly in all 
stages of the reaction with an increase in light intensity. ·Fig. 45 
shows plots of the logarithms of the rate constants against the reciprocals 
of the absolute temperatures at a light intensity of 7,0 units in the 
temperature range 110,0°- 132,0°C. Fig. 46 shows a similar plot at a 
light intensity of 11,5 units in the temperature range 110,0°- 131,0°C, 
and Fig 4 7 a r lot at a light intensity of 17, 5 uni ts in the temperature range 
109,0°- 130,0°C. 
Table 22 Activation energies for the co-irradiation of calcium azide 
powder. 
Temperature range: 110,0° - 140,0°C 
Intensity Induction Period Acceleratory Period Decay Period 
Units KGal./mol. Kcal./mol. Kcal./mol. 
7 21,31 24,01 27,51 
11,5 20~65 22,64 25,60 l 
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(iii. d) The effect of vm~iation of intensity of ult11aviolet Zight source 
The molecularity of the mechanism involved in the co-irradiation of 
calcium azide powder was detennined by examining a series of decompositions 
at a constant temperature of 115,0°C at various light intensities. In 
this way it was possible to detennine the dependence of the induction 
period and the subsequent acceleratory and decay reactions of co-irradiated 
calcium az ide on the intensity of the 1 ight source. TI1e method involved 
in this study has been described in section 8. 
The molecularity, m, of the process of co-irradiation was calculated 
from the equation 
k = Im + c. 
For the purpose of detennining m, c was ignored and the equation rewritten 
in the fonn 
log k = m log I. 
A plot of log k vs log I yielded a graph of slope m which was determined 
by a method of least squares. Table 23 lists the rate constants at various 
light intensities and Table 24 gives the value of m for each period. Plots 
of k vs Im for each period are shuwn in Fig. 48. 
(iii.e) Visual observations 
A sample of calcium azide powder, decomposed at 120,0°C and at a light 
intensity of 7,0 units, was observed at various stages of decomposition~ 
At the end of the induction period the powder had started to darken in 
colour and at a ::: 0,20 the upper surface of the sample had turned a greyish 
brown colour. The colour then changed rapidly to dark brown/black and at 
a values beyond 0,60 the sample had turned black throughout. No further 
changes could be observed visually during the remainder of the decomposition. 
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Table 23 Rate constants for co-irradiated calcium azide pmvder 
at various light intensities 
Temperature: 115 ,0°G 
Intensity Induction Period k c x 10 1 ac kdecay x 101 
Units min. min- 1. min- 1 • 
10,0 2,04 1,69 1,78 
13 ,o 1,76 2,09 3,03 
15,3 1,73 1,99 2,49 
20,0 1,35 3,14 2,84 
24,5 1,16 3,66 4,88 
28,0 1,14 4,90 6,32 
Table 24 Value of m in the equation k = Im + c for co-irradiated 
calcium azide powder 
Temperature Induction Period Acceleratory Period Decay Period 
oc 
ll5 ,0 0,61 1,02 1,07 
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(iii.f) InterY'Uption of a co-irradiated decomposition: dark rate determination 
It was found that at temperatures greater than ±100,0°C decomposition 
did not cease when the source of ultraviolet radiation was removed i.e. 
the dark rate was considerable. It was also observed that when the ultra-
violet source 1vas removed, decomposition did not continue as would have 
been expected had the initial decomposition been entirely thermal. This 
was a result of the pre-irradiation effect which the ultraviolet radiation 
had on the subsequent thermal decomposition. Fig. 49 illustrates the dark 
rates at a decomposition temperature of 120 ,0·°C. The light intensity used 
in this study was 10,5 units. 
(iii.g) Admittance of water vapour following an interPUption 
At various stages of the co-irradiated decomposition of calcium azide, 
water vapour (17 torr pressure) was introduced in order to investigate the 
presence of metallic nuclei. The method used in this study has already 
been described in section 9 (i.g). A decomposition temperature of 
115,0°C and a light intensity of 2,0 units were used for the 'water inter-
ruptions' . The water vapour was allowed to react for 1 min. at the point 
of interruption. The water vapour was introduced at time t = 0 and at or. 
values of 0,01; 0,10; 0,38 and 0,44. 
The results were similar to those found for the corresponding reaction 
in the photolytic temperature range. Water vapour introduced at t = 0 had 
no effect on the subsequent co-irradiated reaction i.e. the run continued 
as though no interruption had occurred. Water vapour introduced at the end 
of the induction period and at positions further along the decomposition 
curve caused the subsequent reaction to proceed after a new induction period. 
The length of this induction period was initially shorter than that of an 
uninterrupted run but became progressively longer as the point of interrup-
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reactions were also progressively slower than than of an uninterrupted 
decomposition. Water vapour introduced at the inflection point and 
beyond destroyed the subsequent reaction. The final pressure of the 
reactions following a 11...,rater interruption' was much lower than that of an 
uninterrupted decomposition. The results are illustrated in Fig. 50 
where the curve is a plot of pressure, not a, against time in order to 
illustrate the effect of introducing water vapour on the final pressure. 
(iiih) The effect of filtering the high intensity arc with blue and 
ultraviolet transmission filters 
The effect of filtering the high intensl.ty ultraviolet light source 
with various Schott filters was investigated in order to detennine the 
most effective wavelengths for the co-irradiation of calcium azide. A 
decomposition temperature of 115,0°C and a light intensity of 20,0 units 
was used. The filters used and their Chance equivalents as well as the 
. intensity of the transmitted wavelength are listed in Table 13 in section 
9 ( i. h). 
The results are shown in Fig. 51. The rate of the reaction decreased 
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(iv) IRRADIATION OF PELLETED CALCIUM AZIDE WITH ULTRAVIOLET LIGHT 
DURING IBERMAL DECOMPOSITION (CO-IRRADIATION) 
185 
Irradiation of pelleted calcium azide with ultraviolet light 
during thennal decomposition tvas found to have the same effect as :found 
with co-irradiated powder. The induction period shortened and there was 
an increase in the rate of the acceleratory and decay reactions. These 
decompositions were carried out on pellets of weight±8,0 mg and diameter 
5,0 mm ai.J.d over the temperature range 100,0°- 130°C. A considerable 
dark rate reaction was observed in this temperature range due to the 
thermal decomposition of the pellet. Fig. 52 illustrates the difference 
between thermal decomposition and co-irradiation of calcium azide 
pelleted at a pressure of 1500 lb./sq.in. The percentage decomposition 
varied but on the average was 78,0%. 
(iv.a) Reproducibility and mathematical analyses 
T'ne shapes of the co-irradiated decomposition curves of pellets of 
calcium azide decomposed at a temperature of 103,0°C and a light intensity 
of 0,2 units are shown in Fig. 53. The curves show the usual induction 
period followed by an acceleratory and a decay reaction . 
. The mathematical analyses for the curves were the same as those. found 
for co.:.irradiated powder Le. for the acceleratozy period the Avrami-
Erofeyev equation was used with n = 2 and for the decay period the unimol-
ecular law. Tne inflection point occurred at a = 0 ,44. TI1e Avrami-
Erofeyev equation fitted the curve in the range 0,02 < a < 0,44 and the 
unimolecular law in the range 0,44 < a < 0,93. 
Fig. 54 shows a typical a vs t curve lvith analyses for a pellet of 
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intensity of 0,2 units. 1\s is clearly sh01v11 in this figure and in Table 
25 no highly reproducible results were obtainable for the co-irradiated 
decomposition of these pellets. 
Table 25 Reproducibility constants for co-irradiated calcium azide 
pellets. 
Pelleting pressure: 1500 lb./sq.in. 
Temperature Intensity Induction Period kacc x 102 kd y x 102 eca · 
cc Units min. min- 1 • min- 1 • 
103,0 0,2 6,0 1,20 3,90 
8,0 1,30 :::~ 8,2 1,39 
(iv.b)Evaluation of activation energies 
Considerable efforts were made in order to determine the activation 
energies of co-irradiated decomposition of pelleted calcium azide. TI1e 
lack of reproducibility illustrated above necessitated the use of the 
split-run technique in determining the activation energies. This method 
proved unsuccessful however as at temperatures beyond ±105,0°C the pellets 
exploded. Various pelleting pressures were used in order to overcome this. 
Pellets made at pressures 600, 1000~ 1500 and 2000 lb./sq.in. were 
decomposed but at temperatures .above 105,0°C these exploded. Another 
problem was that the dark rate was so great that in cases where explosion 
did not occur the pellet virtually completely decomposed during the period 
in which it was attaining the required temperature. Thus no rate constants 
could be detennined and consequently no activation energies could be obtained. 
(iv.c) Visual observations 
A pellet of calciu~ azide pressed at a pressure of 1500 lb./sq.in. 
was decomposed at a temperature of 98,0°C and a light intensity of 2,5 
units. At a = 0,10 the upper surface had turned a light grey colour. 
19C 
This surface then began turning a dark brm·m colour with greyish spots 
interspersed. M1ereas the lower surface became light brown, darkening 
gradually. At a "' 0,40 the upper surface was a charcoal colour whilst the 
lower surface continued to darken progressively, until at a ~ 0,50 the 
lighter spots disappeared. Beyond a= 0,50 the pellet was black on both 
surfaces. 
(iv.d) Admittance of water vapour foZZowing an interruption 
In order to investigate the presence of metallic nuclei, water 
vapour (17 torr pressure) was admitted at various stages of the decomposi-
tion. Pellets pressed at 1500 lb./sq. in. were decompos·ed at a temperature 
of 100,0°C and a light intensity of 1,0 units. The method .employed and 
the results obtained were similar to those obtained for co-irradiated 
powder. Interruptions prior to the inflection point (a = 0,44) caused a 
new, ever-lengthening induction period to be observed with a lowering of 
the final pressure. Interruptions at a values greater than 0,44 virtually 
destroyed aJ1y subsequent reaction. Water vapour had no effect when 
introduced during the induction period. 
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(v) · 1HERMAL DECOMPOSITION OF CALCIUM _.-\ND LJTIUL1M AZIDES 
( v. a) Ca lciwn az ide 
Calcium azide was thennally decomposed in order to determine the 
activation energies of the induction period and the subsequent acceleratory 
and decay reactions. These activation energies were necessary to facili-
tate the study of the differences between the mechanisms of photolysis and 
co-irradiation. It was also considered of interest to compare the values 
obtained with those of previous workers.· 
Two sets of decompositions were carried out. Freshly prepared calcium 
azide was thennally decomposed in the temperature range 100,0°- 130,0°C and 
then calcium azide which had been stored in vacuo over P205 for two years 
'ltias thermally decomposed in the temperature range llO ,0° - 140 ,0°C. 
The reciprocal of the induction period was used as a rate constant for 
this part of the decomposition. 111e acceleratory reaction was analyzed 
using the Avrami-Erofeyev equation with n = 2. 111e decay reaction was 
analyzed using the unimolecular law. Previous workers 1 37 ,168 have used the 
equation (l-a.) 1/3 =kt+ c in analyzing the decay reaction. As can be 
seen from Fig. 55 both equations fit equally well. It was decided to use 
the unimolecular law as this had already been successfully used in the study 
of the photolysis and co-irradiated decomposition of calcium azide powder. 
Tables 26 and 27 list the rate constants for the thennal decomposition of 
the fresh and aged material respectively. 111e activation energy was also 
calculated using the latter equation for comparison purposes. 
Table 28 lists the values obtained for the activation energies for the 
induction, acceleratory and decay periods using the above analyses. Also 
listed are values obtained by previous workers for the purposes of compar-
ison. A marked difference occurs in the values obtained for the decay 
reaction. 
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Table 26 Rate constants for the thennal decomposition of calcium 
azide powder (Fresh material) 
Temperature Induction Period k x 102 kdecay x 102 ace 
oc min. min- 1 • min- 1 . 
102,2 20,00 . 0 ,83 1,20 
107,0 18, 71 1,27 1,44 
114 ,0 10 ,20 2,16 2,79 
120,0 8,00 4,16 4,90 
. 126,8 3,45 7,40 9 '71 
Table 27 Rate constants for the thennal decomposition of calcium 
azide powder (Material 2 years old) 
Temperature Induction Period k ace x 10
2 kdecay x 102 
oc min. min- 1 • . -1 mm . 
. 110 ,0 7,20 2,30 3,10 
115,8 4,40 4,80 4,40 
121,1 2,56 5,90 6,50 
126,5 2,10 9,40 8,70 
132,0 1,88 13,70 16,10 
137,2 1,30 25,50 27,90 
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Table 29 Activation energies for the thennal decomposition of 
calcium azide powder 
I 
Temperature Induction Acce1eratory Decay 
Material Range Period Period Period 
oc Kcal./mol. Kcal./mol. Kcal./mol. 
(i) Freshly· 100,0 - 126,8 21,70 27,30 26,16 (a) 
prepared 25,39 (b) 
(ii) Aged 110,0 - 137,2 18,94 25,94 25,10 
(2 yrs.) 
(iii) Aged 110,0 - 125,0 20,60 26,90 21,00 
(1 yr.) 
Ref .168 
(iv) Freshly 105,0 - 130,0 18,00 26,90 21,40 
prepared 
Ref.137 
(a) Unimolecular Law 
(b) Contracting Sphere Equation. 
Table 29 Activation energies for the thennal decomposition of 
lithium azide powderl74 
Temperature Range Induction Period Acceleratory Period Decay Period 
oc Kcal./mol. Kcal ./mol. Kcal./mol. 
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Fig. 55 illustrates a typical a vs t curve for the thennal decomp-
osition of powdered calcium azide at a temperature of 126,8°C. Also 
shown are analyses of the acceleratory and decay periods. Fig. 56 and 
57 shmv the plots of -log(I.P.) and log k vs 103/T for the fresh and · ace 
aged material respectively and Fig. 58 shows plots of log kdecay vs 10 3/T 
for the fresh and aged material. 
(v.b) Lithium azide 
As referred to in section 9 (ii.c) the rate of photolysis of 
lithiwn azide powder at 170,0°C was so rapid as to make the rate of therma1 
decomposition at that temperature negligible. Hence it was decided not 
to make a study of co-irradiation of lithiurn azide. For this reason it was 
not considered necessary to detennine the activation energies of the 
thermal decomposition of lithium azide. TI1e values obtained by Prout and 
Liddiard174 are given in Table 29 for reference purposes. 
(vi) . PHOTOLYSIS OF POWDEHED CAJ_,CilJM, BARIUM, STRONTIUM AND LI1HIUM 
AZIDES AT Al\tIBIENT M1D LOWER TEMPERATURES 
199 
The photolysis of calcium, barium, strontium and lithium azides was 
carried out in the temperature range -80,0°- 30,0°C. No dark rate was 
detected and thennal effects were thus negligible. The percentage 
decomposition for calcium azide was 62,0%, for barium azide 85,0%, for 
strontium azide 58,0% and for lithium azide 57,0%. These were lower than 
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()"1 
equation with n = 2 and the w1jJnolecular law were used to obtain rate 
constants for the acceleratory and decay reactions respectively. The 
applicability of these equations will be shown in the next section. 
(vi.b) Mathematical analyses 
206 
Photolysis curJes of all four azides in the temperature range -80,0°-
30,0°C showed all the characteristics already observed in the studies of 
the photolysis of these compounds at ambient and higher temperatures 
(section 9 ( i. b) and Ref. 50). TI1ere was a well defined induction period 
during which no measurable evolution of gas occurred. TI1is was follm\1ed 
by an acceleratory reaction and a rather prolonged decay period. 
The acceleratory reaction of all four azides was analyzed using the 
Avrami-Erofeyev equation with n = 2 
i.e. 
·k 
[-log(l-a)] 2 = k t + c ace 
The detennination of the final pressure was made difficult owing to the 
prolonged decay reaction particularly at the lower temperatures in the 
rai1ge. Fig. 65 illustrates a typical plot of recorder voltage against 
time for a decomposition of calcium azide at a temperature of 2,5°C and a 
light intensity of 115, O Lmi ts. Also illustrated is the method used for 
determining an estimated final pressure, p'f' as opposed to the observed 
final pressure, Pr Tne identical method was used on all four azides. In 
the case of barium and lithium azides the prolonged decay reaction was not 
as considerable as in the cases of calcium and strontium azides. However in 
all calculations the value of the final pressure used in the equations 
was determined in the manner shov.rn above. No reference will be made 
henceforth to a value p' f' it being preswned that, Pf' the final pressure, 
was either taken as observed (in the absence of a prolonged decay reaction) 
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In all cases the uniJ11olecular law 
i.e. -log(l-a) 
was used to analyse the decay reaction. As mentioned earlier, the 
induction period was analyzed by using the reciprocal of. the duration of 
the induction period as a rate constant .. A typical a vs t cunre for the 
photolysis of li thiurn azide powder, with mathematical ai1alyses, is shmv11 at 
-19,2°C and a light intensity of 45,0 units in Fig. 66. The in£lection 
point occurs at a :::: 0 ,43. The Avrami-Erofeyev equation (n = 2) fits the 
acceleratory reaction in the range 0,03 < a < 0,43 and the unimolecular 
law fits the decay reaction in the range 0,43 < a < 0,96. fig. 67 shows 
an a vs t cunre, Nithmathematical analyses, for calciurn azide at 2,5°C 
and a light intensity of 115,0 units. The inflection point occurs at a= 
0,38 and the relevant equations fit in the ranges 0,03 < a < 0,38 and 
0,38 <a< 0,88. Fig. 68 shows an a vs t curve, with mathematical 
analyses, for strontiurn azide at 4,0°C and a light intensity of 75,0 units. 
The inflection point occurs at a =0,43 and the relevant equations fit in 
the ranges 0,03 <a< 0,43 and 0,43 <a< 0,95. Fig. 69.and 70 show 
typical a vs t curves, with mathematical ar1alyses, for barium azide at 
S,9°C (light intensity 23,0 units) and -12,8°C (light intensity 38,0 llllits). 
The inflection point occurs at a= 0,32 and the equations for the acceler-
atory and decay reactions fit in the ranges 0,03 < a < 0,32 and 0,32 < a < 
0,90. 
Table 30 lists the reproducibility constants obtained using the above 
methods of analysis. Throughout this low temperature study, the degree of 
reproducibility was inferior to that obtained at higher temperatures. This 
was particularly so in the induction period. Notwithstanding this fact, 
all decompositions were analyzed in the induction period if only to 
illustrate the degree of irreproducibility. The results obtained for the 
209 
Table 30 Reproducibility constants for the photolysis of various 
azide powders 
Substance Temperature Intensity Induction k c x 102 k x 102 
Period ac · decay 
oc Units min. min- 1 • min- 1 • 
LiN3 30,0 37 3 ,6 <'> 11,70 5,60 j 
3 ,0 , 12,00 5,50 
4,4 12,40 5,80 
-19,2 45 5,6 8,40 6,10 
3,4 8,80 6,00 I 
6,4 9 ,10 6,30 
CaN6 2,5 115 3,7 26,80 11,50 
3,8 28,60 11,20 
1,9 28,40 10,90 
SrN6 4,0 75 3,6 17,40 3,80 
3,6 16,40 4,20 
4,0 16,30 4,20 
BaN6 5;9 23 7,2 2,36 1,32 
8,0 2,22 1,31 
6,6 2,17 1,52 
-12,8 38 3,5 4,00 1,82 
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induction period will tJ1Us be of less importance than those obtained 
for the acceleratory and decay reactions. 
(vi.c)Evaluation of activation energies 
Activation energies for all four azides were obtained by photolytic-
ally decomposing samples at various temperatures in the range under 
consideration. The light intensity was kept constant throughout the 
determination. As described in previous sections, the Arrhenius equation 
was applied to each of the three processes occurring during photolysis 
i.e. during the induction, acceleratory and decay periods. In each case 
the logarithm of the rate constant was plotted against 103/T. 
Constant light intensities of 14,0; 28,5; 35,0 and 14,"0 units were 
used for calcium, barium, strontium and lithium azides respectively. In 
the case of calcium and barium azides a change occurred in activation 
energy in the region of 7,0°C and 17,0°C respectively, and in the case of 
strontium and lithium azides the change occurred in the region of -4,0°C 
and -19,0°C respectively. These changes were not always clearly defined 
and the temperature at which they are said to occur are really fairly 
accurate approximations. 
Tables 31-34 list the rate constants and Tables 35-38 the activation 
energies for calcium, barium, strontium and lithium azides respectively. 
Fig. 71-81 illustrate the plots of -log(I.P.), log k and logd ace ecay 
against 10 3/T in the relevant temperature ranges for calcium, barium, 
strontium and lithium azides respectively. 
(vi.d) The effect of variation of intensity of ultraviolet light source 
The rates of photolysis of calcium, barium, strontium and lithium 
azides were measured at different light intensities with the temperature 
being kept constant for the purpose of determining the molecularity of the 
processes taking place. The method used to vary the intensity of the 
Table 31 Rate constants for the photolysis of calcium azide powder 
Temperature range: -70,0°- 22,0°C 
Light intensity 14 units 
Temperature Induction Period k ace x 10
2 k decay x 10
2 
cc min. rnin- 1 • rnin- 1 • 
-68,9 1,4 20,0 18,5 
-62,2 0,7 26,0 15,0 
-52,7 1,4 24,1 19,7 
-42,6 1,4 27,5 17,1 
-42,0 1,2 24,4 16,4 
-34,5 0,6 24,4 16,6 
-33,7 1,7 32,8 17,6 
-20,5 0,7 28,0 18,5 
-2,7 2,7 31,S 19,6 
3,2 1,0 30,8 20,3 
7,2 0,4 32,S 26,0 
10 ,o 0,8 35,6 27,6 
13,6 0,6 39,7 28,4 
21,1 0,9 47,6 32,0 
216 
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Table 32 Rate constants for the photolysis bf bariwn azide powder 
Temperature range: -70 0° - 35 0°C 
' ' 
Light intensity 28,5 units 
Temperature Induction Period k c x 102 ac kdecay x 102 
oc min. min- 1 • min- 1 • 
---
-68,5 13,5 1,16 0,82 
.-63 ,o 10,0 1,36 0,88 
-56,9 10,0 1,24 0,89 
-41,8 10,0 1,20 1,07 
-35,S 7,0 1,35 1,00 
-27,9 8,9 1,54 1,24 
-16,2 6,4 1,91 1,43 
5,5 8,0 1,92 1,56 
7,8 8,0 2,00 1,64 
12,5 12,0 2,00 1,49 
15,5 8,0 2,14 1,51 
17,0 12,0 2,19 1,57 
19,9 12,0 2,07 .1,55 
26,3 6,4 2,66 1,70 
28,0 8,0 2,95 2,09 
34,1 7,2 3,80 2,43 
218 
Table 3.$ Rate constants for the photolysis of strontium azide powder 
Temperature range: -80 0°- 32 0°C 
' ' 
Light intensity 35,0 units 
Temperature Induction Period k x 102 ace k x 10
2 
decay 
oc min. min- 1 • min- 1 • · 
-78,0 44,0 4,33 . 3 ,SS 
-69 1 
. ' 32,0 4,49 5,61 
-62,2 4,0 5,62 4,06 
-48,0 9,4 6,17 4,55 
-40,0 8,0 8.,34 4,33 
-31,3 10,0 9 ,27 S,14 
-19,S 8,4 10,30 5,45 
4,0 7 ,6 15,14 6,90 
s,o 6~0 14,29 9,81 
9,2 6,4 16,94 6,97 
14,1 6,8 20,75 9,55 
18,8 6,8 22,49 7,01 
23,1 3,45 24,43 10,99 
27,0 4,0 24,43 10 ,42 
31,S 3,9 26,67 13 ,71 
219 
Table 34 Rate constants for the photolysis of lithium azide powder 
Temperature range: -72 0° - 17 0°C 
' ' 
Light intensity 14 ,0 Wli ts 
Temperature Induction Period 2 2 kacc x 10 kd x 10 ecay 
oc min. . -1 min . . -1 min . 
-71,2 16,0 1,36 1,67 
-62,2 16,0 1,85 1,82 
-48,2 12,0 2,24 1,85 
-40,2 6,4 2,43 2,07 
-31,0 4,0 2,78 2,32 
-18,8 4,0 3,60 2,70 
-6,3 2,4 5,37 4,17 
4,5 1,6 6,98 6,90 






Activation energies for the photolysis of calcium azide 
powder 
Light intensity: 14,0 units 
Range Induction Period Acceleratory Period Decay Period 
Kcal./mol. Kcal./mol. Kcal./mol. 
7,0 0,34 0,56 0,42 
7,0 - 22,0 5,70 4,18 3,76 
Table 36 Activation energies for the photolysis of barium azide 
powder 
Light intensity: 28,5 units 
Temperature .Range Induction Period Acceleratory Period Decay Period 
oc Kcal./mol. Kcal./mol. Kcal./mol. 
-70,0 - 17,0 0,24 0,82 0,97 
. 





Activation energies for the photolysis of strontiwn azide 
powder 
Light intensity: 35 ,0 units 
Range Induction Period Acceleratory Period Decay Period 
Kcal./mol. Kcal./mol. Kcal./mol. 
-80,0 - -4,0 2,38 1,58 0,69 





Activation energies for the photolysis of lithiwn azide 
powder 
Light intensity: 14,0 units 
Range Induction Period Acceleratory Period Decay Period . 
Kcal ./mol. Kcal./rnol. Kcal./mol. 
-72,0 - -19,0 3,14 1,71 0,88 
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light has already been explained in section 8. T'ne effect of variation 
of light intensity in the photolysis of calcium azide was studied at 
19,5°C and -20,5°C; barium azide was studied at 22,0°C and -21,0°C; 
strontium azide at 18,2°C and -20,2°C and lithium azide at 30,0°C and 
-19,8°C. 
The equation 
k Im+ c 
233 
was used to analyze the results. T'ne value of m was obtained for each of 
the induction, acceleratory and decay reactions by plotting log k vs log I 
and determining the slope by a method of least squares. 
Tables 39-42 give the rate constants for the induction period, the 
acceleratory and the decay reactions for the photolysis of calcium, barium, 
lithium and strontium azides at the abovementioned temperatures at various 
light intensities. Tables 43-46 give the values of m for calcium, barium,·· 
lithium and strontium azides respectively. 
Fig. 82-89 show plots of k against Im for calcium, barium, lithium 
and strontium azides respectively for the induction period and the acceler-
atory and decay reactions in each case. Tne values of m have been correct-
ed to the nearest whole number for each azide. 
(vi.e)VisuaZ observations 
The colour of the powder was observed at different stages of the 
photolytic decomposition. All observations were carried out at a tempera-
ture of -19,8°C. The results for all compounds were similar to observa-
tions made at higher temperatures. At the end of the induction period in 
the photolysis of calcium azide the powder had turned a pale brown colour 
which darkened as the decomposition progressed. As the inflection point 
was reached the upper surface turned dark brown and the lower surf ace was 
a somewhat lighter shade of brown. Beyond the inflection point the sample 
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Table 39 Rate constants for the photolysis of calcium azide powder 
at various light intensities 
Temperature Intensity Induction Period kacc x 102 kdecay x 102 
oc Units min. min- 1 • min- 1 • 
19,5 3,5 8,2 4,40 1,80 
6,5 6,4 13 ,90 8,60 
7,0 3,9 22,50 14,20 
9,5 2,6 41,90 16,10 
-20,5 2,9 27,6 1,20 1,20 
4,0 4,4 2,50 2,30 
7,5 6,0 7,30 5,50 
9,0 3,4 18 ,20 8,70 
12,8 4,4 32,30 24,50 
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Table 40 Rate constants for the photolysis of barium azide powder 
at various light intensities 
Temperature Intensity Induction Period k x 102 ace k decay x 10
2 
oc Units min. min- 1 • min- 1 . 
22,0 13,5 6,6 5,30 4,20 
15,5 2,0 5,20 4,80 
18,5 4,2 11,10 7,00 
22,0 2,0 15,80 13,80 
26,5 1,2 19,90 16,10 
-21,0 2,7 16,0 1,80 1,30 
3,0 4,6 4,20 3,95 
4,5 1,3 4,00 3,80 
5,5 0,8 6,20 5,30 
6 ,7 . 0,4 20,80 10,70 
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Table 41 Rate constants for the photolysis of lithium azide powder 
at various light intensities 
Temperature Intensity Induction Period k x 102 ace . k x 10
2 
decay 
oc Units min. min- 1 • min- 1 . 
30,0 4,00 52,0 0,46 0,22 
6,50 67,6 0,70 0,50 
12,32 8,2 2,87 1,70 
13 ,03 15,2 3,50 1,70 
18,00 7,2 6,17 3,80 
-19,8 5,10 78,0 0,82 0,25 
7,50 36,0 1,60 0,33 
11,00 22,0 2,80 0,81 
13,50 14,0 4,15 1,20 
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- Table 42 Rate constants for the photolysis of strontium azide powder 
at various light intensities 
Temperature Intensity Induction Period k x 102 ace kd x 10
2 
ecay 
oc Units min. min- 1 • min- 1 • 
18,2 5,5 
, 
16,0 3,10 2,30 
7,0 12,8 5,20 3,10 
9,5 7,0 7,40 5,30 
10,S 3,0 9,70 6,30 
13,0 1,3 23,30 8,80 
-20,2 3,50 20,0 
. 0,56 0,19 
6,50 40,0 1,80 1,20 
9,75 8,0 3,10 1,80 
11,85 9,9 10,80 5,10 
15,00 7,0 14,00 8,20 











Induction Period Acceleratory Period Decay Period 
1,21 2,21 2,30 
1,00 2,23 2,00 
Value of m in the equation k = Im + c for barium azide 
powder 
Induction Period Acceleratory Period Decay Period 
1,99 2,24 2,15 







Value of m in the equation k = Im + c for lithium azide 
powder 
Induction Period Acceleratory Period Decay Period 
1,54 1,81 1,86 
1,71 1,69 1,70 
Table 46 . Value of m in the equatiori k = Im + c for strontium azide 
powder 
Temperature Induction Period Acceleratory Period Decay Period 
oc 
18,2 2,71 2,22 1,69 
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became a charcoal black colour and at the end of the decomposition the 
compmmd was dark brown/black wherever visible. 
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Barium azide showed similar colour changesto that <lescribed above for 
calcium azide as did strontium azide. Both compounds had turned a light 
brown at the end of the induction period and as the reaction proceeded 
violent explosions were observed and a continual darkening of the colour 
of the sample occurred. In the region of the inflection point the 
violence of the reaction diminished and the sample became a very dark 
. brown colour. After prolonged exposure to ultraviolet radiation the 
sample eventually turned almost completely black. Lithium azide also 
showed similar characteristics to calcium azide. At the end of the 
decomposition the particles varied in colour from a very dark brmm to 
black. 
(vi.f) Interruption of a photodecomposition: dark rate determination 
All photolytic clecompositions of calcium, barium, strontium and 
lithium azides, in the temperature range under consideration, ceased the 
moment the source of the ultraviolet light was removed. No measurable 
dark rate could be observed in these ranges. On recommencing photolytic 
decompositions the runs continued as though no interruption had taken 
place. 
(vi.g) Admittance of water vapour following an interruption 
In order to investigate the presence of metallic nuclei at various 
stages of the photolytic decomposition of the four azides, water vapour 
(17 torr pressure) was introduced after the reaction had reached a certain 
point. These decompositions, called 'water interruptions', were carried 
out according to the method described in section 9 (i.g). 'Ihe prior 
investigation regarding the effect of an interruption on the subsequent 
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decomposition, as explained in section 9 (i.cJ:i was carried out. No 
effect was observed, 
Water interruptions were carried out on calcium azide at a temperature 
of 25,0°C and a light intensity of 42,0 units. Fig. 90 illustrates the 
results for calcium azide. Water vapour was introduced for 1 minute at 
t - 0 and at a values of 0,02; 0,15; 0,30 and 0,52. Interruptions at 
t = 0 had no effect on the subsequent reaction. A new induction period, 
shorter than that of the uninterrupted run, was detected when water vapour 
was introduced at a = 0,01. The subsequent reaction showed a decrease 
in kacc and kdecay· Water vapour introduced at positions further along 
the decomposition curve caused subsequent reactions to proceed after 
longer induction periods followed by acceleratory and decay reactions. 
11le duration of the induction period became progressively greater and the 
rates of the acceleratory and decay reactions decreased as the point of 
interruption along the curve increased. Water vapour introduced at the 
inflection point and at various positions during the decay reaction 
destroyed any further reaction. '!he final pressure of decomposition 
wh:ich followed 'water interruptions' at a = 0,01 and at positions further 
along the decomposition curve, was reduced from that of an uninterrupted 
decomposition. Fig. 91 illustrates the results obtained for 'water 
interruptions' on strontium azide powder (temperature 25,0°C and light 
intensity 37,0 units) at a values of 0,04; 0,14 and 0,51. Fig. 92 
illustrates the results of barium azide (temperature 23,0°C and light 
intensity 22,0 units) at a values of 0,01; 0,10; 0,36 and 0,52. Fig. 93 
illustrates the results of lithium azide (temperature 30,0°C and light 
intensity 35,0 units) at a values of 0,13 and 0,49. As is clearly shown 
in these figures the effects of 'water interruptions' on these azides 
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illustrates the results obtained for 'water interruptions' on calcium 
azide powder at ci: values of 0,01; 0,20; 0,42 ru1d 0,48 for the decomp-
ositions at -19,8°C and a light intensity of 35,0 w1its. The effects of 
'water interruptions' at this temperature are the same as at higher 
temperatures i.e decrease in the value of k . aJ1d kd and lengthening ace ecay 
of the induction period at progressively greater values of a and a 
virtual destruction of the reaction when the interruption takes place 
beyond the inflection point. Water interruptions during the photolysis 
of barium, strontium and lithium azides at temperatures in the region of 
-20,0°C yielded similar results to those shown for calcium azide. 
(vi.h) The effects of filtering the high intensity arc with blue and 
ultraviolet transmission filters. 
Various Schott filters were employed in order to'detennine which 
wavelengths of ultraviolet radiation were most effective for the 
photolysis of calcium, barium, strontium and lithium azides at ambient 
and lower temperatures. The filters used, their Chance equivalents and 
the wavelengths and intensities transmitted have already been listed in 
Table 13. 
Photodecompositions were carried out on calcium azide (decomposition 
temperatures 20,0°C and -20,0°C at light intensities of 50,0 units and 
28,5 units respectively), lithiwn azide (decomposition temperatures of 
30,0°C and -19,8°C at light intensities of 27,5 units and 35,0 units 
respectively), barium azide (decomposition temperatures of 21,5°C and 
-20, 2°c and at light intensities of 33 ,0 units and 22 ,0 units respectively) 
and strontium azide (decomposition temperatures of 25,0°C and -19,5°C ata 
light intensity of 37 ,0 uni ts in both cases) . 
The effect of the filters were in all cases a reduction in the reaction 
rate. With the 5 mm filter either no reaction or a negligibly slow reaction 
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occurred. In the case of barium, strontium and lithium azides the 
reaction with the 1 nun filter was considerably slower than that with the 
3 mm filter. In the case of calcium azide the difference in the rates 
using these two filters \.,ras not as marked as with the other; azides . 
Fig. 95-102 illustrate the effect of filters on the photodecompositions 
of the various azides under the conditions described above. 
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Calcium and lithiwn azides were both subjected to ultraviolet 
radiation from a high intensity 100 watt "point source'' high pressure 
mercury lamp. Photolytic decompositions took place in the temperature 
range 35,0° - 95,0°C in the case of powdered calcium azide and in the 
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range 24,6° - 170,0°C in the case of powdered lithium azide. Co-irradiated 
decompositions were carried out on powdered calcium azide in the tempera-
ture range 110,0° - 140,0°C using the same source of ultraviolet radiation. 
Moreover, photolytic decompositions of pelleted calcium azide were carried 
out in the temperature range 25,0° - 90,0°C. Photolytic decompositions 
were also carried out on powdered calcium, barium, strontium and lithium 
azides at temperatures between -70,0° - 35,0°C. In these decompositions a 
200 watt high pressure mercury arc lamp was used. Initially the results of the 
photolysis of each azide in.the powdered form will be considered and then 
the photolysis of pelleted calcium azide and the co-irradiated decomposition 
of calcium azide will be discussed. 
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A, PHOTOLYSIS OF AZIDES IN THE POWDERED FORM 
(i) PHOTOLYSIS OF BARIUM AZIDE 
The photolysis of pmvdered barium azide has been studied by various 
workers over a wide range of temperatures. 5 ' 3 7 , 4 0 ' 4 8 , 5 0 ' 18 8 The present study 
investigated the photolytic decomposition of barium azide in the tempera-
ture range -70,0° - 35,0°C. 
The pressure-time plots obtained were sigmoid in shape and in this 
respect were similar to those obtained by previous workers. 4 8 's O As has 
already been seen in section 9(vi), the reproducibility obtained for the 
acceleratory and decay reactions was good but that obtained for the induct-
ion period did not prove to be highly satisfactory and the results obtained 
for that part of the decomposition process should be treated accordingly. 
The unsatisfactory reproducibility is probably a result of a variation in 
the defect surfaces of the powders. 
Photolysis over this temperature range was characterized by an 
induction period during which there was no measurable evolution of gas, 
followed by an acceleratory period which was analyzed by means of the 
Avrami-Erofeyev equation with n:::: 2. Finally there was a decay period 
which 1vas analyzed by means of the unimolecular law. 
The percentage decomposition at -20°C was found to be 85,0% which was 
slightly less than that obtained for a purely thermal decomposition at 130°C. 
Throughout the temperature range of this study no dark rate was detected and 
thus any purely thermal effects were negligible. Visual observations of the 
photolytic process indicated that the corrnnencement of the decay reaction 
coincided with a blackening of the powder on all surfaces. No studies were 
carried out to determine the nature of the photolytic nuclei but previous 
workers 50 have found that, under conditions of decomposition similar to 
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those present in this study, thennal centres and photolytic centres were 
similar in nature. 
In the temperature range -70,0° - 35,0°C two distinct activation 
energies were obtained for the photolysis of barium azide. The transition 
temperature occurred at 17,0°C. In the temperature range -70,0° - 17,0°C 
the activation energies for the induction, acceleratory and decay periods 
were found to be 0,24 Kcal./mol., 0,82 Kcal./mol. and 0,97 Kcal./mol. 
respectively. In the temperature range 17,0° - 35,0°C the activation 
energies for the same periods were found to be 6, 48 Kcal. /mol. , 5, 4 7 Kcal. /mol. 
and 5,19 Kcal./mol. respectively. 
The reciprocals of the duration of the induction period were found to 
be proportional to the intensity to the power of 2,50 for temperatures 
below 17,0°C and to the power of 1,99 for temperatures above 17,0°C. The 
value of 2,50 in the lower temperature range was approximated to 2,00. 'TI1e 
ambiguous value was largely a result of poor reproducibility. 111e value of 
3,00 was not considered feasible in view of the fact that a dependence of 
rate on the cube of the light intensity was extremely unlikely since no 
mechanism involving three excited azide ions or_ a triply excited ion was 
thought possible for this period. 1nus over the whole temperature range 
the rate depended on the square of the light intensity during the induction 
period. 
The rate of the acceleratory reaction lvas found to be proportional to 
Intensity2, 24 for temperatures above 17,0°C and to Intensity2,02 for 
temperatures below 17°C. TI1e rate of the decay reaction was proportional to 
. 2,15 - . 1 69 Intensity and Intensity' for temperatures above and below 17,0°C 
respectively. Tiius throughout the temperature range in which the photolysis 
of barium azide was studied the rates of both the acceleratory and decay 
reactions were dependent upon the square of the light intensity. The results 
obtained in the two temperature ranges will be discussed separately. 
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(,i. a) Photolysis in the temperature range -?O, 0° - 17, o0 c 
Visual observations made during photolysis in this temperature range 
showed a light brown colour at the end of the induction period. This is 
attributed to the presence of barium metal at the end of this period. It 
is assumed that decomposition sites are those where severe strain exists 
such as at surface cracks or lines. The grinding and dehydration of the 
powder cause these stresses to be present in increased concentrations, 
thus leading to the formation of dislocations. These eventually group to 
form high angle grain boundaries. The layered crystal structure of barium 
azide implies that a large number of incomplete planes of edge dislocations 
in an emergent grain boundary will contain only azide ions or barium ions. 
Thus decomposition will commence when azide ions at positions of stress on 
the surface or along the planes of the particles become optically excited. 
In a study of the optical absorption spectrum of thin films of barium 
azide, ·Deb43 has shown the presence of three bands with multiple structure 
in the region 140 - 250 nm. The spacings in the band structure closely 
corresponded with the fundamental vibration frequencies of the azide ion 
and each of the absorption bands was associated with the azide ion itself. 
The magnitude of the absorption coefficient of the peaks is low for an 
allowed electronic transition of m1 ionic crystal such as barium azide. 
Moreover, the appearance of a well resolved vibrational structure in these 
bands suggests that the transitions would be forbidden ones ·since such 
transitions. would interact only weakly with the surroundings in the 
crystal. 1 91 By analogy with the electronic spectra of an isoelectronic 
molecule such as N2ol 92 , the absorption bands of the azicie ion in the range 
140 - 250 nm may be interpreted in terms of transitions involving different 
excited states of the azide ion itself. Tne absence of any measurable 
photocurrent at wavelengths longer than 170 nm indicates that the electronic 
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transitions in this region involve bound excited states of the azide ion. 
The association of such transitions with vibrational structure implies 
that the excitons are in effect trapped on the mol~cules on which they are 
formed. 19 3 
Results obtained from filtering the high intensity ultraviolet arc 
showed that all three filters reduced the rate of decomposition relative to 
that obtained using unfiltered radiation. The lowered rate is to some 
extent due to the reduction in the arc intensity as a result of simple 
reflection from the polished filter surface. This factor can however be 
considered constant for all the filters. The most marked reduction in rate 
took place with the 5 rrnn BG12 filter and, only slightly less so, with the 
1 rrnn UGI filter. The effect of the 3 mm UGS filter was much less drastic 
than that of the other two. This leads to the conclusion that the most 
effective wavelengths for the photolysis of barium azide are in the region 
220 - 280 run. Hence it follows that the mechanism of decomposition does not 
involve electrons and positive holes since these effective wavelengths 
represent energy less than that required for their fonnation. Thus it can be 
concluded that excited azide ions rather than excitons are formed, the 
absorbed energy being localized at favoured sites in the form of vibrational 
or internal electronic excitation. The reduced rates observed with the UGI 
and BG12 filters are probable due to the very low absorption coefficient of 
long wavelengths compared with the shorter wavelengths and consequently are 
due to a low rate of excitation of the internal transition. 
111e rate of photolysis in this temperature range is considerably 
lower than at higher temperatures. This difference can be accounted for by 
postulating that at these lower temperatures fewer defects are produced. 
tv10reover it must be noted that the rate-determining step at low terrrperatures 
could possibly be the diffusion of reactants to a reaction site or diffusion 
of product gas to the ambient. 
270 
Jacobs et aZ.~ 4 have s_uggested that, during the "warm -up" 
period at -35,0°C, following the ultraviolet irradiation of barium azide 
at -70,0°C, t\-VO holes, trapped at a common site, decompose to form N4 -
ions, nitrogen gas and an electron. 111ey also proposed that at -5,0°C 
the N4 - ion decomposed as follows: 
N + N 
Deb6 3, ·in commenting on these mechanisms, observed that no nitrogen was 
evolved in this ''warm-up" period following ultraviolet radiation. 111ere 
is much speculation on the existence of the N4 - ion. Some workers3,4 4 
postulate its existence as a product in the decomposition of barium azide 
but it has only been definitely observed in the photolysis of potassium 
and rubidium azides. Marinkas 194 has shown in e.s.r. studies that 
irradiation at low temperatures produces a new centre which is identified 
as N/- rather than N4 -. These ions result from electrons forsaking an 
N2 - ion to reside on an N3 - ion, the product, an N2 0 - N32 - complex, 
existing as a pair, thus: 
Nz - + N3 -
These results therefore do not support mechanisms which propose N4 - ions 
as products. The N2 - ion, however, has been detected in the photolysis of 
barium azide at ambient and liquid nitrogen temperatures. 4 7 Tims mechanisms 
postulated for the photolysis of barium azide ought to incorporate the 
formation of this ion and, by implication,the N2° - N3 2 - complex. 
Prout and Shephard50 have proposed a mechanism for the induction period 
in the photolysis of barium azide at ambient temperature in which ru1 excited 
azide ion is trapped at an anion vacruKy together with a ground state azide 
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ion. This complex then reacts with a barium ion to produce a barium atom, 
three molecules of nitrogen and an anion vacancy. This step has an 
activation energy of 6,2 Kcal./mol. In the temperature range under 
discussion the activation energy is much less viz. 0,24 Kcal./mol. but the 
molecularity changes from one at ambient temperature to two. Hence the 
following mechanism is proposed: 
~\) 
N3- + N3 -* (1) 
hv 
N3 -* + N3-** (2) + 
This doubly excited ion is trapped at a trapping site ,such as an anion 
vacancy, together with a ground state azide ion. This complex then reacts 
with a Ba2+ ion. 
Ba + 3N2 + S (3) 
'Ihe activation energy of 0, 24 Kcal. /mol. is associated with step (3) . 
Alternatively, the complex [N3 -* S N3 -*] could have been postulated. This 
would have allowed for the dependence of the rate on the square of the light 
intensity. However, on the basis of Prout and Shephard's work the thermal 
energy required for this complex, involving two singly excited azide ions, 
to react with a Ba2 + ion to form barium atoms, would possibly be more 
thru1 the 0,24 Kcal./mol. determined for the reaction taking place during 
the induction period. The doubly excited azide ion is assumed to be located 
at an imperfection.and will presumably be relatively more stable at low 
temperatures. If located at an ideal lattice site it will return to its 
ground state or to a singly excited state. 
This mechanism, proposed for the formation of barium metal nuclei, is 
in accordance with the observed dependence of the inverse of the duration 
of the induction period on the square of the light intensity, the duration 
being dependent on the time required for the barium atoms to aggregate, 
through diffusion, to fonn baritun metal nuclei, this occurrence in turn 
being dependent on the light source. 
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Experiments in which 1vater vapour was introduced to the sample during 
a photolytic decomposition have indicated the presence of metal at the 
end of the induction period. Water vapour introduced at the end of the 
induction period caused the barium metal on the surface to be destroyed, the 
subsequent reaction continuing after a new, shorter induction period. 'This 
subsequent reaction presumably proceeds from growth nuclei still present in 
the bulk of the material. The absence of any difference in the pattern of 
decomposition subsequent to an interruption during an induction period, 
indicated that barium metal nuclei are formed only at the end of the 
induction period. This barium metal has characteristics which are the same 
as those of the bulk metal. At the end of the induction period nuclear 
growth commences and the reaction accelerates. The nitrogen gas evolved 
is not observed to escape during the induction period but is absorbed on the 
powder. 
1he acceleratory reaction was analysed using the Avrarni-Erofeyev 
equation with n = 2. The inflection point occurred at a = 0,32. Due to the 
very intense light source used in the low temperature studies the effect of 
the irradiation is very pronounced. Thus any linear increase in the number 
of nuclei during the acceleratory period would be much less significant than 
the large number of nuclei formed at the end of the induction period. Hence 
it is assumed that this value of n implies a two-dimensional growth of nuclei 
increasing from a fixed number of centres. 
The metal nuclei are initially discrete but, with the progress of the 
acceleratory reaction, overlapping occurs, as indicated by the fact that the 
acceleratory reaction conforms to Avrarni-Erofeyev type kinetics. 
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TI1e acceleratory period has been found to be dependent upon the 
square of the light intensity over the temperature range under discussion 
·and. hence the overall mechanism must involve the decomposition of two 
singly excited azide ions or a single doubly excited ion. 
Prout and Sears4 8 have proposed a free radical type of reaction for 
temperatures below 0°C, involving the formation of F-centres and the reaction· 
of holes and azide ions to form N4 - and N2 • This mechanism,however, does 
not postulate any reactions resulting in the production of barium metal 
nuclei. Moreover, as stated above, the N4- ion has not been detected in the 
photolysis of barium azide and mechanisms postulating its production are not 
reliable. The following mechanism is proposed. Initially an azide ion is 
excited and is trapped at a trapping site S which is probably a defect such 
as an anion vacancy. Another singly excited ion is trapped at the same 
site. In each case the excited ion may revert to the ground state if 
located at an ideal lattice position. TI1e two singly excited ions at a 
common trap then react with a barium ion formed via the photoelectric effect 
to form barium metal, two positive holes and an electron. TI1e trapping site 
is regenerated. If this site is an anion vacancy it will form.an F-centre 
with the electron. The positive holes react with ground state azide ions 
to produce N2 - ions and nitrogen gas. TI1ese ions and molecules then react 
to form more nitrogen gas and F-centres. The F-centres formed may move 
through the lattice at a rate determined mainly by the mobility and concent-
ration of such vacancies. When two F-centres meet, aggregation to double 
F-centres results because such aggregates are more. stable than single F-
centres as a result of the resonance energy of the electrons in the two 
identical defects. Ultimately, the F-centres collapse at a certain critical 
concentration. The electrons produced as a result of this collapse react 
with Ba2+ ions and the barium metal nuclei formed grows to the interface. 
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As mentioned previously, Marinkas at al. 47 have detected in e.s.r. 
studies the N32- ion. Tims the N2- ion, postulated to be fanned in this 
mechanism, will react to some extent, however small, with ground state 
azide ions to fonn the N2D - N32- complex. 'Ihus the mechanism proposed 
for the acceleratory reaction in the photolysis of barium azide in this 
temperature range is as follows: 
+ N3-* S N3-* b, Ban + + 
2N3 + 2N3 - + 
N2- + N3 - + 
+ 
N2- + 2N2 + 
+ .. 
2 [] + 
Ba n + 
Ba2 + + 2e + 
Ba + + e 
n 
Ba + 2N3 n 
2N2- + 4N2 
N2o N32-
+ e + s 
3N2 + D + e 
3N2 .. + D· .. ~ • ,. .. --_:_~:·: .<- ::' ;._:.~ 











.Step (3) is considered to be the rate determining step and has an activa-
tion energy of 0,82 Kcal./mol. associated with it. The mechanism is seen 
to be dependent on the square of the light intensity as determined 
experimentally. Step (4) appears to be a relatively fast step due to the 
coulombic attraction of the positive hole and the ground state ion. 
Moreover, step (3) must require some theru1al energy since it is unlikely 
to take place spontaneously. The interpretation of the activation energy 
in this mechanism is difficult. T~1e rate detennining step, as has been 
stated earlier, could be the diffusion of the reactants to a reaction site 
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or the diffusion of the nitrogen to the ambient. Step (_5), the forma-
tion of the N2° -Ni- complex, occurs as a result of radiation of 
wavelength 325 run~ 94 The most effective wavelengths for photolysis of 
barium azide in this temperature raJ1ge have been shm·m to lie bet1veen 
220 - 280 nm. Hence this reaction is not critical to the overall photo-· 
lytic process and will only occur to a minimal degree. 
Water interruptions during the acceleratory period have illustrated 
the importance of metal nuclei during this period. Tne water vapour 
destroyed the reaction and a new induction period of duration shorter than 
that of an uninterrupted decomposition was observed. This duration 
increased as the position of interruption along the curve progressed. 
1he rate of the subsequent acceleratory reaction decreased and the new 
reaction is presumed to begin from gruwth nuclei not destroyed by the 
water vapour. The growth nuclei are situated on the planes of the part-
icles and the new induction period observed is the time required for these 
nuclei to grow to a critical size. 'Thus the water vapour is assumed to 
attack only those metal nuclei on the surface of the particles. The drop 
in the rate of the subsequent acceleratory reaction is due to the commence-
ment of reaction from fewer·centres. 
Interruptions beyond the inflection point caused decomposition to 
cease. At and beyond the inflection point all the external surfaces of 
the particles were observed to be black. This indicated a complete layer 
of barium metal. Introduction of water vapour causes the fonnation of a 
layer of barium hydroxide which is opaque to ultraviolet light. Growth 
nuclei present under the surface are thus unable to be activated by the 
radiation and reaction ceases. Partial hydrolysis of the azide by 
introduction of water vapour at positions prior to the inflection point 
causes the observed final pressure to be lower than that expected. Hence, 
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during the acceleratory period~ the concentration of the barium metal 
. . . 
nuclei is increasing as indicated by the visual observations made and 
these metal nuclei are seen to have a catalytic effect as it were on the 
photolytic reaction. 
The decay reaction crnmnences when the two-dimensional nuclei 
overlap and the surface of the small particles is covered by reaction 
product. During this period the product interface penetrates into the 
particles. TI1e decrease in molecular volume as the product fonns causes 
the interface to collapse leaving isolated blocks of material in which no 
nuclei are present. TI1is arises from the extensive growth of plate-like 
nuclei. In these isolated blocks each molecule has an equal probability 
of decomposition and the rate of reaction becomes proportional to the 
amount of unreacted substance. Thus the decay reaction confonns to the 
unimolecular decay law. 
The activation energy for the decay reaction was found to be 0,97 
Kcal. /mol.. and the rate of the reaction was dependent upon the square of the 
light intensity. These results were very similar or identical to those 
obtained for the acceleratory reaction. Hence it was assumed that the 
mechanism of the decay reaction is the same as that occurring during the 
acceleratOI)' period. The reduced rate of production of nitrogen is a 
result of the gradual consUmption of defects which are.helpful to the 
reaction. 
(i.b) Photolysis in the terrrperature range 17,0° - 35,0°C 
As mentioned previously the activation energies for the photolysis 
of powdered bariwn azide changed at 17 ,0°C. The value for the induction 
period changed from 0, 24 Kcal. /mol. to 6, 48 Kcal. /mol. , that for the 
acceleratory period from 0,82 Kcal./mol. to 5,47 Kcal./mol. and the value 
for the decay period from 0, 97 Kcal. /mol. to 5, 19 Kcal. /mol. The rates of 
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reaction for each period 1vere found, as in the lower temperature range, 
to be dependent upon the square of the light intensity. TI1e mathematical 
analyses, visual observations, the effect of filters and the effect of 
introducing water vapour at various stages of reaction were analogous 
to the results obtained in the temperature range -70,0° - 17 ,0°C. 
Moreover the results obtained were very similar to those found in a 
previous study over a sii11ilar temperature range by Prout ai1d Shephard5 0 
except that in the induction period they found the rate to be linearly 
dependent on the light intensity. Activation energies found by them for 
the induction, accelerator)' and decay reactions were 6,2 Kcal./rnol., 
7,2 Kcal./rnol. and 6,6 Kcal./mol. respectively. 
The mechanism for the formation of nuclei in this temperature range 
involves the trapping of two singly excited azide ions at a site, S, such 
as an anion vacancy. T'ne complex [N3 -* S N3 -*] then reacts with Ba2+ ions 





Ba + 3N2 + S (2) 
Step (2) is considered to be the rate determining step and has an activa-
tion energy of 6,48 Kcal./mol. associated with it. As mentioned above, 
some workers44 '3 have proposed the formation of the N4 - ion in the 
photolysis of barium azide. No evidence exists for its presence, however. 
In any event, in the cases where it has been detected, viz. potassium and 
rubidium azides, it is not observed at room temperature. 
The marked similarity which exists between the results shovm in the 
present study and those obtained by Prout and Shephard50 in previous work 
under similar conditions implies that the same mechanism of nuclear growth 
is occurring, viz.: 
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N3- R"' N3-* (1) + 
hv 
+ 
Ban + Ba (2) +- + e n 
+ N3-* 
/j 
Ba + + Ba + N3 (3) n n 
N3 + N -* 3 + 3N2 + 20 + e (4) 
3N2 + [J + D (5) 
2 D + 20 + 2e (6) 
Ban + Ba2+ + 2e -+ Ban+l (7) .. 
Step (3) is considered to be the rate determining step and has an 
activation energy of 5,47 Kcal./mol. associated with it. The Ba+ ion is 
formed in step (2) as a result of the photoelectric effect. The F-centres 
formed in step {5) will aggregate until they reach a critical concentra-
tion at Khich point they collapse as in step (6). The reaction is an 
acceleratory one in which the barium metal is regenerated. · As has already 
. been discussed in the section on the photolysis of barium azide 'in the 
low temperature range, there is much evidence for the exist~nce of the N2 -
ion. This ion is a stable product in the photolysis of barium azide at 
room temperature, even partially surviving annealing at 100°C for 45 
minutes.18l Thus it is possible that, parallel with step (4),the following 
reactions take place: 
N3 + N3- + N2 - + 2N2 
-+, 3N2 + 0 + e 
+ 3N2 + D 
N2 - + N3- + N20 - N32-+ 
279 
These reactions will probably involve only a relatively small number of 
positive holes and step (4) will be the dominant reaction involving the 
N3 radical. The mechanism is seen to be in accordance with the obsenred 
dependence of the rate of the reaction on the square of the light 
intensity. 
The similarity in the values of the activation energy and the 
molecularity in the acceleratory and decay reactions leads to the conclusion 
that the same mechanism as proposed above for the accelerato:ry reaction is 
occurring during the decay reaction. 
280 
(ii) PHOTOLYSIS OF STRONTIUM AZIDE 
The photolysis of powdered strontium azide has been investigated 
over the temperature range -80,0° - 32,0°C. The discussion of the 
results obtained in the photolysis of barium azide over this temperature 
range is, in general, applicable to strontium azide. The pressure-time 
plots were sigmoid in shape and the reproducibility was good over the 
acceleratory and decay periods but was not highly satisfactory over the 
induction period. Thus, as in the case of barium azide, mechanisms of 
photolytic decomposition postulated on the basis of data obtained during 
the induction period, need to be treated with caution. This unsatis-
factory reproducibility was again probably a result of a variation in the 
defect surfaces of the powders. 
The characteristics of the photolysis and the methods of mathemati-
cal analyses were the same as for barium azide. TI1e methods of 
mathematical analyses were also the same as those used by Prout and 
Shephard50 in their study of the photolysis of strontium azide over the 
temperature rru1ge 30,0° - 90,0°C. The percentage decomposition at 
-20 ,0°C was 58% which was 14% less than that obtained by other workers 50 
during photolysis at higher temperatures. TI1roughout the temperature 
rru1ge under discussion no dark rate was observed and the visual observa-
tions made were almost identical to those made during the photolysis of 
barium azide in a similar temperature range. ·Prout at az.so have found 
that during photolysis at ambient and higher temperatures thermal centres 
and photolytic centres were similar in nature. It was assumed that this 
is also the case in the temperature range under discussion. 
In the temperature range -80,0° - 32,0°C two distinct activation 
energies were found for the photolysis of strontium azide. TI1e transition 
temperature occurred at -4 ,0°C. In the temperature range -80 ,0°- -4 ,0°C 
the activation energies £or the induction, acceleratory and decay 
reactions were found to be 2, 38 Kcal. /mol., 1, 58 Kcal. /mol. and O, 69 
Kcal./mol. respectively. In the temperature range -4,0° - 32,0°C the 
activation energies for the same periods were 4,00 Kcal./mol., 3,73 
Kcal. /mol. and 3, 96 Kcal. /mol. re spec ti vely. 
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In determining the molecularities of the various stages of the 
reaction the exponent m in the equation k = Im + c was taken to the 
nearest lvhole number. TI1e rates of reaction throughout the induction, 
acceleratory and decay periods were fow1d to be dependent on the square 
of the light intensity with the exception of the induction period in the 
temperature range -80,0° - -4,0°C where the rate was found to be linearly 
dependent on the light intensity. A value of 2,71 was obtained for the 
induction period in the temperature range -4,0° - 32,0°C. This value 
was interpreted as representing a bimolecular reaction since it was 
considered w1likely th~t a triply excited ion would be involved in the 
mechanism of photolytic decomposition. Moreover, the value obtained by 
Prout et ai. so in a similar study was 2,0. The poor reproducibility 
obtaiI1ed during the induction period accounts for this inaccuracy arid, 
in view of this known irreproducibility, this approximation to 2 is 
permissible. The results obtained in the two temperature ranges will be 
discussed separately. 
(ii.a) Priotolysis in the temperature range -80,0° - -4,0°C 
The topography of the photolytic decomposition of strontium azide 
can be assumed to be analogous to that described for barium azide in the 
temperature range -70,0° - 17,0°C. This is reasonable since the kinetic 
equations used to describe and analyse the photolysis of strontium azide, 
the visual observations made, the effect of filters and the ef feet of the 
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interaction of water vapour at various stages of photolysis were 
identical or very similar to those obtained for barium azide. 
TI1e fonnation of metal nuclei was found to be linearly dependent 
on the light intensity. As indicated in the case of barium azide,_ 
mechanisms proposing the fonnation of the N4 - ion must be treated with 
caution since there is no evidence for the existence of this ion in 
these compounds. Prout et ai.s 0 , in their study of the photolysis of 
strontium azide at ambient temperatures, postulated a mechanism for the 
induction period in which the rate detennining step involved the reaction 
of a strontium ion with the complex [N3 -* S N3 -*] and had an activation 
energy of 2,60 Kcal./mol. associated with it. This value .is very similar 
to that obtained in the temperature range under discussion and hence a 
similar mechru1ism is postulated in which the complex 1s [N3 - S N3 -*] in 
order to allow for the linear dependence of the rate on the light 
intensity. 
Initially a primary excitation corresponding to an internal 




TI1is excited azide ion is trapped at a surface defect S: 
+ 
+ 
where S is probably an anion vacancy. 
(1) 
(2) 
TI1e excited ion at the defect, if adjacent to a ground state ion, fonns 
the complex [N3- S N3-*] which reacts as follows with an Sr2+ ion. 
Sr + 3N2 + S (3) 
Step (3) is considered to be the rate determining step ru1d has an 
activation energy of 2,38 Kcal./mol. associated with it. 
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11-ie formation of nuclei probably occurs at the point of emergence 
of dislocations on the surface of crystals. These will be mainly spiral 
dislocations and the discontinuities associated with the mosaic 
structure. The strontium atoms formed diffuse with time resulting in 
aggregation to produce strontium metal nuclei. TI1is aggregation of 
metal atoms marks the end of the induction period. TI1e mechanism proposed 
is in accordance with the observed dependence of the inverse of the 
duration of the induction period on the first power of the light intensity. 
The duration of the induction period is itself a measure of the time 
required for the strontium atoms to aggregate, through diffusion, to form 
strontium metal nuclei. 
In the abovementioned study of the photolysis of strontium azide 
at ambient temperatures by Prout et al. so, they postulated, for the 
accelerator)' reaction, a mechanism in ·which a strontium ion, formed as a 
result of the photoelectric effect, reacts with a doubly.excited azide ion 
viz. 
Sr+ + N3 -** /). Sr + N3 -+ 
This was considered the rate determining step and.had an activation 
energy of 3,2 Kcal./mol. associated with it. In the same study an 
induction period mechanism 
Sr2+ + N3-* S N3-* 
Is Sr + 3N2 + s -+ 
was postulated, iiaving an activation energy of 2 ,6 Kcal. /mol. In the present 
study of the photolysis of strontium azide in the temperature range 
-80,0° - -4,0°C, the activation energy for the acceleratory period is· 
1, 58 Kcal. /mol.. The mechanism proposed earlier for the acceleratory 
reaction in the photolysis of barium azide in the temperature range 
-70,0° - 17,0°C involves a complex: [N3 -* S N3-*] as in the second 
equation above •. This comple~ reacts with a Ban+ ion to form a barium 
atom, positive holes and an electron. This was considered to be the 
rate detennining step. It is uncertain whether the change in activa-
tion energy in the case of strontium azide from 3 ,2 Kcal. /mol. at 
ambient temperatures to 1,58 Kcal./mol. at lower temperatures is a 
result of a change in mechanism. As explained in the case of barium 
azide, interpretation of the activation energy is not simple and it 
could be associated with the rate determining step, the diffusion of 
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reactants to a reaction site or the diffusion of molecular nitrogen to the 
ambient. In any event the mechanism postulated here must involve either 
two singly excited ions or a single doubly excited ion. Hence the following 
mechanism is proposed for the acceleratory reaction in the photolysis of 
strontiu.i11 azide in this low temperature range. Two singly excited ions, 
present at a common defect site S, probably an anion vacancy, react with a 
strontium ion fonned through the photoelectric effect to yield strontium 
metal, two positive holes and an electron. The trapping site is regenerated 
and, if an anion vacancy; will form an F-centre with the electron. The 
positive holes produced react ~ith two adjacent ground state azide ions as. 
in the case of barium azide. The products of this reaction are the N2 - ion 
and molecular nitrogen. No e.s.r. studies of strontium azide have yet been 
carried out and hence the proposed reaction, involving the production of 
the N2 - ion, is complete speculation. However, there appear to be suffic-
ient similarities in the results obtained for the photolysis of barium and 
strontium azides to justify this proposed reaction which has already 
been postulated in the case of barium azide. The N2 - ion reacts with an 
adjacent ground state azide ion to fonn, ultimately, nitrogen and an F-centre. 
The F-centres tend to aggregate as a result of the increased stability 
arising. from t.11e resonance of the electrons in the identical defects. At a 
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critical concentration the F-centres collapse and the electrons thus 
produced react with Sr2+ ions to foxrn strontium atoms. TI1ese a toms 
aggregate fonning metal nuclei which then add to the interface. Hence 
the following mechanism is proposed: 
hv -* N3- + (1) +- N3 
hv + Sr + (2) +- Srn + e n 
Sr+ + N -* S N3-* !:::. Srn + 2N3 + e + s (3) 3 + n 
2N3 + 2N3 - + 2N2- + 4N2 (4) 
N2- + N3- + N2o N32- (5) + 
N2- + 2N2 + 3N2 + 1=1 + e (6) 
+ 3N2 + GJ (7) 
2[) + 20 + 2e (8) 
Srn + Sr2+ + 2e + Sr +l (9) n . 
Step (3) is considered to be the rate detennining step and has an 
activation energy of 1, 58 Kcal. /mol. associated with it. The mechanism 
is seen to be dependent on the square of the light intensity involving, 
as it does, two singly excited azide ions. 
The small difference between the values of the activation energy 
for step (3) o£the above mechanism and those of the rate determining 
steps mentioned above, as proposed by Prout et az.so at ambient temperature, 
make the assignment of this step difficult. It is not really possible to 
distinguish between the energies associated with the excited states 
[N3 -**] and [N3 -* S N3 -*] since this excitation is associated with the ion 
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or complex as a whole, Hm·1ever, strontium ions, fonned via the photo-
electric effect, are more reactive than lattice Sr 2+ ions.' This possibly 
favours a lower value of activation energy for step (3) relative to the 
value of 2,6 Kcal./mol. obtained by Prout et ai. 50 for the reaction of 
the same complex [N 3 -* S N3-*] with Sr 
2+ as outlined above. TI1e difference 
in these values is so slight, however, that any such comparative reason-
ing must be very tentative. 
Since the activation energy and the molecularity for the decay 
reaction are either similar or identical to those values obtained for the 
acceleratory reaction, the same mechanisms as those proposed for the 
· acceleratory period are proposed for this period. 
(ii.b) Photolysis in the temperature range -4,0° - 32,0°C 
The values of the activation energies obtained for the induction, 
acceleratory and decay periods in the temperature range -4,0° - 32,0°C, 
as well as the dependence of the rates of the reactions. on the light 
intensity, have already been presented. The mathematical analyses, the 
visual observations, the effect of filters and the effect of introducing 
water vapour at various stages of decomposition were similar or identical 
to· the results obtained for strontium azide over the lower temperature 
range. The values of activation energies obtained for the inducion, 
acceleratory and decay periods by Prout et ai. 50 in a similar temperature 
range and under sjmilar conditions were 2,6 Kcal./mol., 3,2 Kcal./mol. 
and 5,7 Kcal./mol. with the rate dependent throughout on the square of 
the light intensity. The similarities between their results and those in 
the present work are so marked that their postulated mechanisms are also 
proposed to occur in this temperature range. 
TI1e fonnation of the strontium metal nuclei at the end of the 
induction period is assumed to proceed via the following mechanism. 




This excited azide ion, corresponding to an internal transition on the 
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ion, is then trapped at a common defect site S with another excited azide 
ion. 'l11is complex then reacts with an Sr2+ ion, thus: 
Sr + 3N2 + S (2) 
where S is probably an anion vacancy. 'I11is is the rate determining step 
and has an activation energy of 4,00 Kcal./mol. 
Two mechanisms are proposed for the growth of nuclei during the 
acceleratory period. 'I11ese mechanisms are virtually identical and both 
postulate the formation of a single doubly excited azide ion. The 
difference in the mechanisms lies in the manner in which this ion is 
formed. In the first case the doubly excited ion is produced as a result 
of the successive excitation of the same ion. In the second case the ion 
is formed as a result of the transfer of energy from one singly excited 
azide ion to another singly excited ion. The doubly excited ion then 
decomposes in the rate determining step to produce an excited hole and 
an electron. TI1e electron thus generated through thermal ionization reacts 
with an Sr+ ion formed via the photoelectric effect. 'I11e excited positive 
hole reacts with a: ground state azide ion occupying a strained position to 
yield nitrogen, an F-centre and an anion vacancy. As eA"Plained above, 
·these F-centres aggregate to a critical size at which point they collapse. 




Sr + Sr + t e photoelectric effect (1) 
n + n 
: : hv 
N3- + N3-* primary excitation (2) + 
N3-* -+ N3- de-excitation (3) + 
hv 
Then either (i) N3-* + N3-** secondary excitation (4) + 
or (ii) N3-* N3-* -+ N3-** + N - energy transfer (5) + + 3 
N3~** -+ N3-* de-excitation (6) + 
N3-** b. N3* decomposition (7) -+ + e 
Srn+ + e -+ Srn (8) 
N3* + N3- -+ 3N2 + 20 + e (9) 
-+ 3N2 + 8 + 0 (10) 
20 + 20 + 2e (11) 
Sr + n 
Sr2+ + 2e -+ Srn+1 (12) 
The above mechanism can be shovm to agree with the experimentally 
determined dependence of the rate on the square of the light intensity. 
The detailed calculations with respect to a similar mechanism are presented 
in section 10 (iii.a) in the discussion of the photolysis of calcium azide. 
Step (7) is considered to be the rate determining step and has an activa-
tion energy of 3,73 Kcal./mol. associated with it. 
The values of the activation energy and the molecularity for the 
decay reaction are similar or identical to those obtained over the accelera:-
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tory period. Hence the same mechanisms as those postulated above for 




(iii) PHOTOLYSIS OF CALCIUM AZlDE 
No comprehensive studies have as yet been made of the photolytic decomp-
osition of calcium azide. In the present work activation energies and mole-
cularities were determined in the temperature range -70,0° - 95,0°C. Visual 
observations were made and the effects of filters and introduction of 
water vapour during photolysis were also examined. The reproducibility 
obtained was satisfactory over the acceleratory and decay reactions 
throughout this temperature range. At the lower temperatures, however, 
viz. below ambient temperature, the reproducibility obtained during the 
induction period was not good. This was probably due to variations in 
the defect surfaces of the powders. The induction period at higher 
temperatures was more reproducible. This improvement however appeared 
to be due to the fact that the short duration of this period at these 
temperatures disguised the irreproducibility. 
The pressure-time plots obtained throughout this temperature 
range were sigmoid in shape and in this respect were similar to the 
decomposition curves obtained for the thermal decomposition of 
calcium azide by previous workers.5 8 '16 8 '1 3 7 The curves showed a true 
.induction period during which no measurable amount of nitrogen was 
evolved. The subsequent acceleratory period and decay period were 
described by the Avrami-Erofeyev equation with n = 2 and by the unimol-
ecular law respectively. The percentage decomposition at ambient 
temperature of 90,0% was similar to that obtained for the thermal 
decomposition of calcium azide powder viz. 93,4%.168 The point at which 
the decay reaction commenced occurred at ~ ~ 0,35. Beyond this point the 
powder was observed to be completely black OIJ. all the external surfaces. 
Tiiroughout the temperature range -70,0° -: 95,0°C no dark rate 
was observed, thus indicating the relative absence of any thennal 
effects. 
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A study of the photolytic decomposition subsequent to the end of 
the induction period of a purely thennal decomposition and vice versa 
revealed that the centres fanned at the end of the induction period 
during photolysis and during thennal decomposition are similar in nature. 
The photolysis of powdered calcium azide was studied over four 
distinct temperature ranges. The initial study took place in the range 
35,0° - 95,0°C and tevealed a change in the activation energy at 60,0°C. 
In the region 35,0° - 60,0°C the activation energies for the induction, 
acceleratory and decay periods were 7, 78 Kcal./mol., 7 ,30 Kcal./mol. and 
4 ,67 Kcal./mol. respectively-and the molecularities (to the nearest whole 
number) 1, 2 and 2 respectively. The corresponding activation energies 
and molecularities for the temperature range 60,0° - 95,0°C were 10,80 
Kcal./mol., 12,52 Kcal./mol., 17 ,36 Kcal./mol. and (to the nearest whole 
number) 1,1 and 1 respectively. 
Subsequently the photolysis was studied in the temperature range 
-70,0° - 22,0°C. Tua distinct activation energies were found with the · 
transition temperature at 7,0°C. In th~ temperature range -70,0° - 7,0°C 
the activation energies for the induction, acceleratory and decay periods 
were 0,34 Kcal./mol., 0,56 Kcal./mol. and 0,42 Kcal./mol. respectively 
and the molecularities (to the nearest whole number) for the corresponding 
periods were 1, 2 and 2 respectively. TI1e photolysis of calcium azide 
powder was also studied in the temperature range 7,0° - 22,0°C in order to 
investigate whether any other transitions in the activation energy occurred. 
Within the limits of experimental error it appeared that no changes in 
activation energies occurred until the previously mentioned transition 
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temperature of 60~0°C was reached. The activation energies for the 
induction, acceleratory and decay periods in this temperature range were 
5,70 Kcal./mol., 4,18 Kcal./mol. and 3,76 Kcal./mol. and the molecularities 
(to the nearest whole number) for the corresponding periods were 1, 2 and 
2 respectively. The results obtained in these four temperature ranges 
will be discussed separately. 
(iii.a) Photolysis in the temperature range 35,0° - 60,0°C 
Photolytic decomposition of powdered calcium azide is assumed to 
take place at specific sites in the crystal. These are sites where severe 
strain exists such as at surface cracks or at lines where mechanical 
damage has taken place resulting in a higher thermodynamic instability. 
Thus the chemical potential and stereochemical environment in the vicinity 
of a dislocation are not the same as at an ideal lattice site. Pairs of 
vacancies of opposite sign separated by a :!;ew unit cells, isolated 
vacancies near edge dislocations and, more particularly, vacancies near 
jogs in dislocations are in the most favourable positions energetically 
for photolytic decomposition to occur. 
The grinding and dehydration of the calcium azide is thus beneficial 
to the decompositon process since many more imperfections are generated. 
li"'<cited ions which migrate to jogs or dislocations will not revert to.their 
ground state as would occur at an ideal lattice site. TI1ese de;fect centres 
are thus responsible for trapping charge carriers such as excitons and 
ultimately facilitate the decomposition process. 
Calcium azide crystallizes in an orthorhombic F ddd space grouplBl 
with eight molecules per unit cell. The molecular packing is a layer 
structure type. As a result of this, incomplete planes of the .edge dis-
locations will contain only azide ions or calcium ions. TI1ese dislocations 
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could serve as reaction sites or generate vacancies. They may also trap 
electrons. Decomposition will conunence when azide ions at positions of 
stress become optically excited. 
No studies have been made of the optical absorption spectrum of 
calcium azide. Deb43 has studied the photoconductivity and photoemission 
properties of some Group 1 azides as well as barium azide. Photocurrent 
is absent in each case at wavelengths greater than 170 nm. It can be 
asslUTled that since the band gap energies of these azides and of calcium 
azide are similar, no photocurrent will occur in the latter at wavelengths 
_ greater than 170 nm. Whatever photocurrent there is, is ascribed hiholly 
to the motion of vacancies.5 9 The band gap energy of calcium azide is 
8,5 eV corresponding to 145,8 nm. Thus radiation at this wavelength 
would imply _the promotion of electrons into the conduction band resulting 
in free electrons and positive holes and thus photoconductivity. 
The filterj__ng of the ultraviolet radiation in the photolysis of 
calcium azide has shown that the rate of decomposition decreases when 
filters are used. The lowered rate is not solely due to the change in 
the wavelength of irradiation but another contributory factor is the 
reduction in the arc intensity as a result of reflection from the polished 
filter surface. This factor is, however, considered constant for all 
three filters used. TI1e 5 mm BG12 filter virtually caused the reaction 
to cease, implying that wavelengths greater than 330 nm played no role in 
the photolytic decomposition. The 1 mm UGI filter had a slightly greater 
retarding effect than did the 3 mm UG5 filter. From these results it can 
be concluded that the most effective wavelengths for photolysis are those 
between 220 - 280 nm with a slightly reduced efficacy on the range 280 -
330 nm. These wavelengths are equivalent to an energy range of 5,63 eV -
4,43 eV - 3,76 eV which represent less energy than that required for the 
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fonnation of positive holes and electrons. Excitons are expected to 
fonn only at a wavelength of ~ 170 nm (7 ,3 eV). Hence it can be 
concluded that the most effective wavelengths for photolytic decomposition 
are of less energy than that required for the fonnation of excitons. The 
most probable occurrence is an internal transition on the azide ion. 
This excitation will be the primary photochemical process on irradiation. 
The much lower rates which have been observed at long wavelengths are due 
to the very low absorption coefficient and consequently the low rate of 
excitation of the internal transition at these wavelengths. 44 The energy 
which is absorbed is thus localized at the favoured sites either in the 
fonn of vibrational energy or internal electronic excitation. Similar 
assumptions have been made for barium and strontium azides, 50 nitronium 
perchlorate97 and sodium bromate95 in which the primary excitations, \\Thich 
eventually lead to decomposition, result in the localization of energy in 
a trapped anion. 
The following reaction mechanism is proposed for the fonnation of 




If the excited azide ion N3-* is situated at an ideal lattice site it will 
decay to the grollild state N3-. However, if located at·a surface defect S, 
it will fonn the complex [N3 - S N3 -*] with an adjacent grollild state azide 
ion. The following reaction will then occur: 
Ca + 3N2 + S (2) 
The measured activation energy of 7,78 Kcal./mol. for this period is 
associated with step (2) since only this step requires thermal energy. 
The pertinent defect in this reaction mechanism is probably an anion 
vacancy. This proposed mechanism is similar to those postulated by Jacobs 
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et ai.41.t and Prout et ai, 50 for other large band gap azides. Calcium 
atoms will be formed as calcium ions combine with freed electrons, 
Initially these atoms will be at the interatomic spacing of calcium atoms 
in calcium azide but when a critical concentration is reached, they will 
aggregate to form calcium metal. Thus a met.al speck, with all the 
associated electronic properties of a metal, will be formed. Work on the 
structure and properties of thin films of metalsl83 indicates that the 
structure of a metal in the thin film is the same as that of bulk metal, 
and that pseudomorphism is generally not known. Films are formed by 
lateral gro1..rth of nuclei and may become continuous at thicknesses as low 
as 5 run. The character of the conductivity of such metal films corres-
ponds very closely to that of the massive metal. Presumably, therefore, 
by the end of the induction period, very thin two-:dimensional plates of 
metal nuclei, with electronic properties of the bulk metal, will form on 
the surface of the particles and along the planes of the crystal at 
discrete centres. 
The duration of the induction period is proportional to the time 
taken for the calcium atoms to aggregate which, in turn, is dependent 
upon the temperature of the decomposition and the intensity of the light 
source used. TI1e mechanism postulated presumes that the. duration of the 
induction period will be inversely proportional to the light intensity and 
this is in accordance with the experimentally determined linear depend-
ence of the rate on the light intensity. 
The nitrogen gas evolved will not necessarily escape during the 
induction period but will be largely absorbed on the powder. If escape 
is not easy, this gas can cause strain at the reactant/product interface . 
Photolytic decompositions, which have been interrupted to allow for the 
intro<luction of water vapour, have indicated the presence of metal at the 
• 
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end of the induction period. Water vapour introduced at the end of this 
period caused the calcium metal on the su.rface to be destroyed. The 
subsequent reaction proceeded after a new induction period shorter than 
that for an uninterrupted decomposition. This showed that water vapour 
only reacted with nuclei on the surface and left those in the bulk of 
the material intact. TI1ese nuclei, along the planes of the particles, 
are possibly newly formed and small. It is postulated that after the 
introduction of water vapour, reaction then proceeds from growth nuclei 
w!1ich are still present in the bulk of the material. The duration of the 
new induction period is a measure of the time required for these growing 
nuclei to aggregate and reach a significant critical size. In view of 
the fact that the reaction of water vapour with the powder before the end 
of the induction period had no ef feet on the subsequent photolytic 
decomposition, it is assumed that calcium metal nuclei are only formed 
at the end of this period. 
Growth proper begins when the calcium metal atoms aggregate to form 
metal specks. This represents the end of the induction period and the reaction 
accelerates from the rapidly expanding reactant/product interface. 
It has already been shown that the acceleratory period fits the 
Avrami-Erofeyev equation with the exponent taking the valu.e n = 2. The 
value of n in this equation indicates the nature of the centres of 
decomposition which increase in number according to a fixed power of 
time and grow 1-, 2- or 3-dimensionally. The equation also includes 
the effects of ingestion of potential nucleus-forming sites by growing 
nuclei or by the overlapping of such nuclei. Tims the value of n = 2 
indicates either one-dimensional growth of nuclei increasing in number 
linearly with time or two-dimensional growth of nuclei irntreasing from 
a fixed nwriber of centres. The former alternative is considered highly 
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unlikely as any linear increase in the number of nuclei with time 
during the acceleratory period would be swamped by the very large nwnber 
of nuclei fanned at the end of the induction period. Moreover, it was 
considered highly unlikely that a one-dimensional growth could be 
sustained at such a high intensity of irradiation for the entire 
acceleratory period which represents 35% of the decomposition. TI1us 
plate-like growth centres are postulated, these centres advancing along 
the grain boundaries in which they were initiated. During the initial 
stages of the acceleratory period these growth centres are discrete 
nuclei, but, as the reaction progresses, independent growth of the 
individual reaction centres is no longer ensured and overlapping occurs. 
11lis is indicated by the use of the Avrarni-Erofeyev equation over the 
acceleratory period. 
11le rate of the acceler<l:tory reaction was found to be· dependent 
on the square of the light intensity thus indicating that the overall 
mechanism must involve either two singly excited azide ions or one doubly 
excited azide ion. Tiiere are three possible mechanisms which can be 
postulated. 
(i) The possibility of photoemission from the metal nuclei formed at the 
end of the induction period (the photoelectric effect) has been widely 
postulated~ 1 , 44 Calciurn ions and electrons are thus fanned. At the 
same time a siY~gly excited azide ion is fonned through the absorption of 
a photon. The absorbed electromagnetic energy is localized at favoured 
sites in the fonn of vibrational or internal electronic excitation. If 
this excited azide ion is located at an ideal lattice point, it will 
revert to the ground state by communication of its energy to the 
vibrational modes of adjacent ions. If located at a defect site, the 
imbalance of forces 'vill allow the absorbed energy to be localized on 
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this particular ion long enough for it to undergo subsequent reaction. 
The relevant reaction occurring is that of the excited azide ion with a 
calciwn ion, fanned through the photoelectric effect, to give calcium 
metal and an azide radical (positive hole). This positive hole then 
reacts with an adjacent singly excited ion togive three molecules of 
nitrogen, an electron and two anion vacancies. The overall reaction is 
acceleratory in view of the fact that calcium metal is being regenerated. 
The electron is captured by an anion vacancy to form an F-centre. 
Although F-centres have no intrinsic mobility, by a process of association 
with a mobile anion vacancy and subsequent dissociation, they may move 
through the lattice at a rate determined mainly by the mobility and 
concentration of such vacancies. When two F-centres "collide" aggrega-
tion to double F-centres results because such aggregates are more stable 
than single F-centres since the electron in the two identical defects 
may resonate i.e. this centre is stabilized by reason of the resonance 
energy. Thus the F-centres tend to aggregate~3 Ultimately the F-centre 
aggregate breaks away from the azide matrix. At a critical concentration, 
collapse of the F-centre occurs and electrons are produced. These react 
with calcium ions resulting in the growth of calcium metal nuclei to the 
interface. TI1e reaction scheme is as follows : 
hv 





+ (2) +- + e 
Ca + + N3-* b. Ca + N3 (3) + n n 
N3 + N3 -* 3N2 + 20 + e (4) 
3N2 + tJ + D (5) 
Ca + Ca2+ + 2e 
n 




Jacobs et az.1a 4 and Prout et az.so have postulated a similar process 
for the growth of sodium and barium azides respectively. Recently de 
Panafieu185 has proposed a similar mechanism for the photolysis of 
potassium azide. Jacobs et az.4 2 ,44 and de Panafieul85 have both 
proposed the formation of molecular nitrogen via the combination of two 
holes at the surface, viz. 
2N3 (surface) 
Thomas and Tompkins16 5 have considered this unlikely, however, in a 
discussion of the photolysis of barium azide. This reaction necessitates 
the radicals occupying adjacent anion sites and, while they remain 
incorporated in the lattice, they carry positive charges. Considerable 
activation would thus be required in order to overcome the high repulsive 
interaction between the radicals whereas the experimental value is only 
7,30 Kcal./mol. If, however, as in step (4), the radical is to react 
with an excited azide ion, the centre as a whole will be neutral and there 
would be little steric hinderance to the reaction. 
Most workers are in agreement that the acceleratory reaction is 
attributable to the development of metal nuclei which form after suffic-
ient decomposition has occurred. 
No comprehensive optical absorption or e.s.r. studies have been 
made of calcium azide. E.s.r. studies of bariwn, sodium and potassium 
azides have shown the presence of N2 - and N4 - ions. 47 If these are 




TI1ese reactions are possible in view of the fact that the N3 radical 
has a life time long enough to interact with a neighbouring ground state 
azide ion. There is, however, no experimental evidence for the formation 
of N2 - and N4 - ·in the photolysis of calciwn azide. In any event step 
(4) of the reaction mechanism, in which the hole reacts with an excited. 
azide ion, will be by far the dominant reaction involving the N3 radicals 
formed in step (3). 
Step (3) is considered to be the rate determining step during the 
acceleratory reaction and has an activation energy of 7 ,30 Kcal./mol. 
associated with it. 
(ii) This mechanism involves the successive absorption of two photons 
by an azide ion. As in the first mechanism the calciwn metal nuclei 
which are formed during the induction period undergo reaction viathe photo-
electric effect to produce calciwn ions and electrons. Absorption of a 
photon results in a singly excited azide ion being formed. 1\vo possibli-
ties then exist for this excited ion. It may return to the ground state by 
the titnnel effect. This, as explained in the discussion of the previous 
mechanism, will only occur if the excited ion is located at an ideal lattice 
site. The second possibility is that it may become doubly excited by the 
absorption of another quantum of light energy. This will only happen if the 
excited ion is situated at a defect site. At such sites, e.g. jogs, 
dislocations, vacancies, etc., the imbalance of forces allows the absorbed 
energy to be localized on a particular ion long enough for secondary excit-
ation to occur.· The same possibilities, i.e. reversion to the singly 
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excited state or subsequent reaction depending on the site at which it 
is located, also exist for this doubly excited azide ion. If located 
at a defect site the subsequent reaction which occurs will be thennal 
ionization, resulting in the fonnation of an electron and an excited 
positive hole. TI1e electron so produced reacts with the Ca+ ion, 
· produced as a result of the photoelectric effect, to form calcium 
metal. The excited positive hole reacts with an adjacent ground state 
azide ion.to produce three molecules of nitrogen, an electron and two 
additional anion vacancies. Tile regeneration of calcium metal indicates 
the acceleratory nature of the mechanism. Tims the mechanism proposed 






Ca + + e 
n photoelectric effect (1) 
primary excitation (2) 
de-excitation (3) 
secondary excitation (4) 
de-excitation (5) 
thennal ionization (6) 
Step (6) is considered to be the rate determining step. As explained 
above, the electron produced in step (6) combines with the Ca+ ion 
formed in step (1), 
Ca+ + e 
n (7) 
and the excited positive hole reacts with a grow1d state azide ion in 
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the strained region at the interface, 
3N2 + e + 2 0 (8) 
(9) 
Aggregation of F-centres then takes place. When a region consists almost 
exclusively of F-centres a collapse of the lattice occurs and colloidal 
metal is formed as follows: 
Ca + Ca2+ + Ze 
n 
2 0 + Ze 








Thus it follows that, from (i) and (ii), 
= 
and, from (i) and (iii), 
= 








Hence, by substituting the value of [N3 -*] from (iv) into (ii) we obtain: 
rN -**] L 3 · = 
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(v) 
Since step (6) is the rate detennining step we can express the rate of 
the overall reaction as: 
R = ks [N3-**] 
Thus, from (v) and (vi) we obtain 
R = 
k1 k3 ks [N3-] 12 
(k2 + k3I)(k4 +ks) 
(vi) 
(vii) 
The singly excited azide ion formed in step (2) will tend to revert to 
the ground state more readily than be doubly excited and thus k2 » k3I. 
Moreover since there is only a single experimental activation energy 
k4 » ks. Thus (vii) reduces to the form 
R = 
k1 k3 ks [N3 -] I 2 
k2 k4 
and it follows that, according to this mechanism, the rate of the 
reaction is proportional to the square of the light intensity. This is 
in accordance with the observations made experimentally with respect to 
the relationship between rate and light intensity. 
(iii) This scheme is similar to that described in (ii) above except that 
energy is transferred from one excited azide ion to another excited azide 
ion to form the doubly excited ion: 
hv 
+ 
+- Ca + + e 
n photoelectric effect (1) 
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hv 
N3 - + primary excitation (2) 
k1 
N3-* -+ de-excitation (3) 
k2 
N3 -* + N3 -* -+ N3 -** N -+ 3 energy transfer (4) 
k3 
N3-** -+ de-excitation (5) 
k4 
N3 -** 11 + thermal ionization (6) 
ks 
The electron produced in step (6) reacts with the formed Ca ions in step (1) 
and the positive· hole formed in step (6) reacts with an adjacent azide 
ion to give three molecules of nitrogen and an electron. inus 
Ca + + e Ca n n 
N/ + N3 - 3N2 + e + z D 
3N2 + EJ + D 
1he F-centres aggregate, collapse and colloidal metal is formed. 
Ca + Ca2+ + Ze 
n 
-+ . 







Thus the calcium metal is regenerated and the whole process is acceleratory. 
By applying the steady state conditions it follows that 








From (iii) it follows that 
(iv) 
Substitution of the value for [N3-*] obtained in (iv) into equation (ii), 
yields 
k1 [N3-]I = C1[N3-**]~ + CdN3-**] (v) 
where C1 = k2(k4 + ks)~ k -~ 3 
and C2 = ks 
Being associated with the rate detennining step,k5 is very small and the 
tenn C2 [N3-**] is negligible. The rate of the overall reaction is 
(vi) 
and thus by substituting for [N3-**] from equation (v) into equation (vi), 
it follows that 
This mechanism thus yields an equation in which the rate is seen to be 
directly proportional to the square of the light intensity. TI1is is 
again in accordance with the relationship between rate and light intensity 
observed experimentally. 
Mechanisms (2) and (3) have been proposed by a number of workers. 
Prout and Shephard50 proposed both of these mechanisms for the accelera-
tory reaction in the photolysis of strontium azide. TI1e azide ion was 
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doubly excited in either of the two methods ou.tlined and then the rate 
detennining step was the thennal ionization of the N3 -** ion which 
S + . reacts with an rn ion. 
the photoelectric effect. 
mechanism is : 
Sr + 
n 
The latter ion had been fanned as a result of 
111us the rate detennining step in this 
+ 3 ,20 Kcal./mol. 
Maycock et al. 97 proposed the transfer of energy between an excited Cl04 -
ion and a similarly excited ion trapped at a defect site in the photolysis 
of nitroniurn perchlorate. Herley and Levy95 studied the photolysis of 
sodium bromate and proposed the following reactions: 
hv 
Bro3 -
+ Br03-* + 
hv 
Then either: Bro3-* 
+ Br03-** + 
B 0 -* B 0 -* + or: r 3 + r 3 + B 0 -** r 3 • 
The doubly excited site then undergoes decomposition 
Tompkins et aZ.. 104 in studying the photolytic decomposition of silver 
oxalate, postulated the production of a singly excited oxalate ion by 
ultraviolet radiation such that the excited electron is still associated· 
with the parent ion. The mobile exciton is trappe<l at an anion vacancy, 
a process that involves the capture of the excited electron by the 
vacancy which may accomodate twc electrons. This complex may either be 
further excited by absorbing a second photon or may be destroyed by the 
electron returning, by the tu:-.1nel effect, form the anion vacancy back 
to a singly charged ion. Further this doubly excited oxalate radical 
may either revert to a singly excited state or decompose to give tko 
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molecules of carbon dioxide. Briefly therefore they proposed: 
hv 
(Ox2 -J -T [Ox2 -] * + 
hv 
[Ox2 -]* -+ [o:X.2-J** + 
Prout and Lownds 1 02 have proposed a similar mechanism in the photolysis 
of potassium permanganate. Two different dependencies of the rate on the 
light intensity were observed. Below ll0,0°C the rate depended on the 
cube of the light intensity and above this temperature on the square of 
the light intensity. Tnus the following mechanism was postulated where 
M represents the Mn04 - ion: 
hv 
M :t: M* 
hv 
M* :t: M** 
at temperatures above 110,0°C. At temperatures below 110,0°C the reaction 
continued thus: 
hv 
M** :t M*** 
Decomposition of the doubly or triply excited ion then occurs: 
M** or M*** Products. 
Such mechanisms are thus considered feasible for photolytic decompositions· 
involving either successive excitations of a single ion by direct absorp-
tion of photons or by transfer of energy from one excited ion to another 
in order to account for rate equations of the form R a In where n > 1. 
In making a choice of one of the three mechanisms proposed it 
must be borne in mind that, at 60,0°C, the molecu1arity changes from 
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two to one. This implies that in the lmver temperature range either two 
singly excited azide ions or one doubly excited ion is involved in the 
photolytic process and that in the higher temperature range only one 
option exists viz. a singly excited az.ide ion. Hence it would appear 
more likely that mechanism (1), which involves singly excited azide ions, 
rather than (2) or (3), is operative in the.photolytic decomposition of 
calcium azide in this temperature range. 'Ibis is because mechanism (1) 
is more easily adaptable to the processes occurring in the higher 
temperature range in that in both temperature ranges only singly excited 
ions would be postulated. ·'Ibe case for accepting mechanism (1) is further 
strengthened when the results for calcium azide are compared with the 
results for barium azide obtained by Prout and Shephard. so 111e rate 
determining step in mechanism (1), viz. 
has an activation energy of 7 ,30 Kcal./mol. In the mechanism of photolysis. 




has an activation ene_rgy of 7 ,60 Kcal. /mol. Moreover in both compounds 
the molecularity changed from two to one in going from the.acceleratory 
reaction at ambient temperatures to the acceleratory reaction at higher 
temperatures. Hence mechanism (1), identical to that proposed by these 
workers for barium azide, is postulated for calcium azide. Mechanisms 
(2) and (3) are rejected since they require a more drastic amendment at 
higher temperatures than does mechanism (1). 'Ibese mechanisms have been 
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applied to the photolysis of strontium azide.50 In this compound the 
molecularity of the acceleratory reaction throughout the temperature 
range 30,0° - 90,0°C is two. Hence no drastic change in mechanism was 
required to explain thereactions occurring in the temperature ranges 
above and below 60,0°C. 
Introducing water vapour on to the sample during the acceleratory 
period of the photolytic decomposition has clearly illustrated the 
importance of metal nuclei during this period. Water vapour was found· 
to destroy the reaction. A new induction period, shorter than that for 
an uninterrupted decomposition, foilowed and the acceleratory rate of the 
subsequent reaction decreased. Growth nuclei, situated on the planes of 
the particles, which were not destroyed by the water vapour, were considered 
to be the points of origin of the new reaction. The new induction period 
observed is the time required for these nv.clei to grow to a critical size. 
TI1e water vapour presumably only attacks metal nuclei on the surface of 
the particles. TI1e decrease in the acceleratory rate after admission of 
water vapour is due to the fewer centres which are available from which the 
reaction may commence. The acceleratory rate constant is dependent on 
the number of nuclei present at the start of the reaction and a decrease 
in this number will decrease the rate of the reaction. When water vapour 
was introduced at or beyond the inflection point; the reaction was destroyed. 
This was presumably due to the fact that calcium hydroxide formed from the 
·reaction of calcium metal with the water which was introduced, is opaque to 
ultraviolet light. TI1Us, if all the particles are covered with calcium metal 
· at or oeyond the inflection point, this will result in a complete covering 
of calcium hydroxide subsequent to the introduction of water vapour. 
Owing to the latter's opaqueness, growth nuclei present below the surface 
cannot be activated by the ultraviolet radiation and reaction ceases. 
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Another effect of introducing water vapour was a decrease in the 
observed final pressure . Titls was probably a result of the calcium 
azide teing partially hydrolyzed. It would appear therefore that calcium 
metal nuclei have a 'catalytic' effect on the photolytic reaction and 
that during the acceleratory period the layer or coating of calcium metal 
is continually growing. At the end of the acceleratory period all the 
particles are coated 1vith a layer of calcium metal. 
The decay reaction commences when the two-dimensional riuclei 
overlap and the surface of the small particles are covered by the react-
ion product of calcium metal. It has been shown that during this period 
the penetration of the product interface into the particles takes place 
according to the unimolecular decay law. TI1e product and reactant phases 
have different molecular volumes and the interface thus collapses leaving 
isolated blocks of material in which no nuclei are present. This occurs 
as a result of the extensive growth of plate-like nuclei. In these 
isolated blocks each molecule has an equal probability of decomposition 
and the rate of reaction thus becomes proportional to the amount of unreact-
ed substance. 
The activation energy and the molecularity of the decay reaction ~ 
have been foW1d to be 4,67 Kcal./mol. and 2,0 respectively. These values 
are very similar or identical to the values obtained for the acceleratory 
reaction. Hence the same mechanism as that proposed for the acceleratory 
reaction is proposed for the decay reaction. The reduced rate of product-
ion of nitrogen is a result of the gradual consumption of defects 1vhich 
are helpful to the reaction. 
(iii.b) Photolysis in the temperature range 60,0° - 95,0°C 
The photolysis of.calcium azide in the temperature range 60,0° -
95, 0°C was fow1d to be linearly dependent throughout on the light intensity. 
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This linear dependence necessitates a change in the mechanisms 
postulated for photolytic decomposition in the temperature range 
·3s,0° - 60,0°C. The activation energies are greater for each period. 
Tne activation energy for the induction period is 10 ,80 Kcal./mol., 
for the acceleratory period 12,52 Kcal./mol. and for the decay period 
17,36 Kcal./mol. TI1ese increased values of activation energy also 
require postulating different mechaI1isms for photolysis. 
In this temperature range the mathematical analyses, visual observa-
tions, the effect of filters and of introducing water vapour at various. stages 
of decomposition were found to be analogous to the results obtained in the 
lower temperature range. As a result of this it is assumed that the 
topochemical decomposition in this temperature range is similar to that 
in the temperature range 35,0° - 60,0°C. 
Formation of nuclei in the induction period initially involves 
the formation of a singly excited azide ion. The activation energy of 
10,80 Kcal./mol. represents sufficient thermal energy for the transfer of 
an electron from a ground state azide ion to a ca2 + ion. The positive hole 
formed as a result of this electron transfer then reacts with an adjacent 
singly excited azide ion to form three molecules of nitrogen and an 
electron. This electron then combines with a ca+ ion formed earlier to 
yield calcium metal. Thus 
hv 
N3- -+ N3-* (1) + 
Ca2 + + N3 
/::, ca+ + N3 (2) -+ 
N3 + N3-* -+ 3N2 + e (3) 
ca+ + e -+ Ca (4) 
Step (2) is considered to be the rate determining step and has an activa-
ti on energy of 10, 80 Kcal. /mol. The mechanism is seen to be in accordance 
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with the linear dependence of the inverse of the duration of the 
induction period on the light intensity. 
As already mentioned nuclear grrnvth has been found to be depend-
ent on the first pm\;er of the light intensity and thus the mechanism 
proposed for the lower temperature range needs to be modified accord-
ingly. Moreover the activation energy of 12 ,52 Kcal./mol. represents 
sufficient thermal energy to transfer an electron from an azide ion to 
an adjacent Ca + ion formed as a result of the photoelectric effect. - n 
This transfer of an electron results in the formation of a positive hole, 
the latter then reacting with an excited azide ion in a manner similar 




N3-* - (1) -<-
hv 
Ca -+ Ca + (2) + + e n n 
Ca + + N3- !::. Can + N3 (3) -+ n 
N3 + N3-* -+ 3N2 + 2 D + e (4) 
-+ 3N2 + EJ + D (5) 
20 -+ 2 D + 2e (6) 
Ca + Ca2+ + 2e -+ Can+1 (7) n 
Step (3) is considered to be the rate determining step and has an 
activation energy of 12,52 Kcal./mol. The mechanism postulated is seen 
to be in accordance with the observed linear dependence of the photolytic 
rate on light intensity. 
11le activation energy for the decay period in this temperature 
range is 17 ,36 Kcal./mol. 111is value is quite considerably higher than 
that for the acceleratory period. 111e mechanism is still linearly 
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dependent on the light intensity. The activation energy for thermal 
decomposition over this period is approximately 26,0 Kcal./mol. which is 
about the same as the value obtained for the thermal decomposition over 
the acceleratory period. The rate <lete1mining step in the thermal 
decomposition is 
N 3 + electron in conduction band 
1he value of 17,36 Kcal./mol. is not considered sufficient for this 
thermal ionization to occur. Prout et al. 137 ,16 8 have obtained a 
value of 18,8 Kcal./mol. for the decay period in the thermal decomposi-
tion of calcium azide. TI1ey associated this activation energy with the 
reaction 
TI1ey considered that the decay reaction commenced when the surface 
nuclei touch and reaction takes place at the contracting interface. 
1he metal sheath around the azide particle exerts compressive stresses on 
the azide lattice and distortion of adjacent azide ions at the reactant/ 
product interface is a maximum. TI1e adjacent azide ions interact in this 
region of strain. Two separate studies (one on aged material and the 
other on fresh material) were carried out to determine the activation 
energy of the thermal decomposition of the sample of calcium azide used 
in this study. Using two different mathematical analyses on the fresh 
material, a value of :::: 26,0 Kcal./mol. was obtained in the case of both 
the fresh and the aged material. Furthennore, the subsequent studies 
carried out on the co-irradiated decomposition of calcium azide powder 
yielded values for the activation energy of the decay reaction between 
17,0 Kca1./mol. and 26,0 Kcal./mol. which are to be expected in the 
light of the value obtained in this photolytic study. If the value for 
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the thennal decomposition quoted above, viz. 18, 8 Kcal. /mol. , were to 
be accepted, this would imply that the activation energy for co-irradiated 
decomposition ·was higher tha.11 that for purely thermal decomposition which is 
improbable. Hence the value of 17,36 Kcal./mol. obtained for the 
photolysis of calcium azide powder in the decay period over the temperature 
range under discussion is prestm1ably associated with the reaction 
+ 
which is the rate determining step in the acceleratory period. The 
difference between this value of 17 ,36 Kcal./mol. and the value of 12 ,52 
Kcal./mol. obtained for the acceleratory period could be due to experiment-
al error. 111is difference in value is not very excessive when one considers, 
for example, the large discrepancies existing in the literature for the 
thermal decomposition of calcium azide.58,137,168,195 
Possibly a more plausible reason for the discrepancy in the 
activation energies for the acceleratory and decay reaction - if the same 
mechanism is to be postulated for both periods - is that during the decay 
period reaction is taking place predominantly below the surface. It has 
already been shown that, beyond the inflection point, the surface of the 
particles is completely covered with metal. There is also evidence to 
show that many azides decompose either at the surface or at intemal 
cracks. 196 It is, therefore, to some extent an oversimplification to base 
.a mechanism, which is operating at an interface, on the bulk properties. 
For example, the optical energy of sodium chloride is ~16,0 Kcal./mol. 
lower at the surface. 36 The difference between bulk and surfaceenergies 
is expected to exist in azides as well and will be strongly dependent upon 
the crystallographic orientation of the decomposing sample. Moreover the 
process of diffusion of the gas to the surface requires energy. This 
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increase in the activation energy of the decay reaction at these 
temperatures is possibly due to the difficulty experienced by the 
nitrogen formed at intemal cracks or dislocations to diffuse to the 
surface. 
Thus the same mechanisms are postulated for both the acceleratory 
and decay reaction and the difference in the values of the activation 




is taking place predominantly in the bulk of the material whereas during 
the acceleratory reaction it is taking place predominantly at the 
surface cracks, jogs or dislocations or along planes which emerge at the 
surface. 
(iii.c) Photolysis in the terrrperature range -70,0° - 7,0°C 
No previous work has been carried out on the photolytic decomposi-
tion of calcium azide in this temperature range nor have any pre-irradiation 
studies been made. No data exists from e.s.r. studies and thus mechanisms 
proposed will depend to a considerable extent on work done on other azides, 
notably barium azide. 
Sigmoid pressure-time plots were obtained and the reproducibility 
was found to be good over the acceleratory and decay reactions but was not 
highly satisfactory over the induction period. This was probably a result 
of a variation in the defect surfaces of the powders. Results obtained 
during this period should thus be treated with caution and mechanisms 
proposed for the induction period should be similarly viewed. 
TI1e acceleratory reaction was analyzed by means of the Avrami-
Erofeyev equation with n = 2 and the decay reaction was analyzed using the 
unimolecular law. The percentage decomposition at -20,0°C was 62%, 
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considerably less than the 93,4% obtained for a purely thennal decomposi-
tion. No dark rate was detected in this temperature range and thus a 
purely photolytic decomposition process was at work. Visual observations 
showed a continually darkening colour during the induction and acceleratory 
periods and beyond the inflection point the particles 1vere completely 
black. 
The activation energy for the induction period over this temperature 
range was 0,34 Kcal./mol. and the molecularity was 1,00. The activation 
energy for the acceleratory reaction was 0,56 Kcal./mol. and the molecular-
ity 2,23. The rate of photolysis in this period can therefore be 
considered to vary as the square of the light intensity. The decay reaction 
activation energy was found to be 0 ,42 Kcal./mol. and the value of the 
molecularity 2,00. Again, the rate of photolysis varies as the square of 
the light intensity. 
The visual observations referred to above indicate the presence 
of calcium metal at the end of the induction period and during the 
acceleratory period. The darkening of the colour indicates an ever 
increasing amount of metal present and the black colour of the SOJ}lPle 
subsequent to the inflection point indicates that the particles are covered 
on the surface with a calcium metal layer. These facts were further 
illustrated by introducing water vapour during a photolytic decomposition. 
Introducing water vapour on to the sample at the end of the induction 
period caused the calcium metal on the surface to be destroyed. The reaction 
continued after a new shorter induction period, the new reaction proceeding 
presumably from growth nuclei still present in the bulk of the material. 
Water vapour introduced during the induction period had no effect on the 
subsequent reaction, indicating that calcium metal nuclei were only fonned 
at the end of this period. The thin film of calcium metal has the same 
characteristics as those of the bulk metall83 and it appears that by the 
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end of the induction period very thin two::-dimensional plates of metal 
nuclei, with electronic properties of the bulk metal, will form on the 
surface of the particles and along the planes of the crystal at discrete 
centres. 
Filtering the ultraviolet radiation has shmm a reduction in the rate 
of decomposition relative to that obtained for unfiltered decompositions. 
Reflection from the polished surfaces accounts partially for this reduction 
in rate but if this factor is considered constant for the three filters 
then it is observed that the 5 mm BG12 filter causes a virtual end to the 
photolytic decomposition. The 3 mm. UGS and 1 mm UGl filter~ both lower 
the rate, the latter slightly more so. From this it can be concluded that 
the most effective wavelengt:1s for the photolysis of calcium azide in this 
temperature range are in the region 220 - 330 nm. These wavelengths 
represent energies which are too small to cause the formation of positive 
holes and free electrons. Thus the mechanism must involve the formation 
of an excited azide ion. Low absorption coefficients at the longer wave-
lengths probably account for the reduced rates resulting in a lower rate 
of excitation of the intenial transitions. 
In the temperature range 35,0° ~ 60,0°C it was proposed that the 
rate determining step for the induction period involved the reaction 
between a Ca2 + ion and the [N3 - S N3-*] complex where Sis probably an 
anion vacancy. inis mechanism was linearly dependent on the light intensity 
and had an activation energy of 7,78 Kcal./mol. associated with it. In 
this low temperature range the molecularity is still one but the activation 
energy is only 0 ,34 Kcal./mol. ihe following basically similar mechanism is 
thus proposed. A more logical explanation of the decreased activation energy 
could have been postulated had tlle molecularity been 2. This would have 
required a doubly excited complex/ion and hence the smaller activation energy 
would have been more meaningful. The poor reproducibility during this period 
.... 
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makes this proposed mechanism suspect. 
hv 
-+ N3- + N3~* (1) 
N3 s N3-* fj, 2N2 --+ + N2 + s (2) 
2N2 -+ 2N2 + 2e (3) 
ca2+ + 2e -+ Ca (4) 
This mechanism incorporates a reaction in which the N2- ion is produced. 
No e.s.r. or optical absorption spectrum studies have been made of 
calcium azide and hence no evidence exists for its production. It has 
been observed in the low-temperature photolysis of potassium, sodium 
and barium azides. 61 , 62 ,53, 47 The many similarities which exist in the 
results obtained for the photolysis of barium and calcium azides do, 
however, support the proposed formation of this ion. The rate of fonnation 
of the N2- ion has been found to be linearly dependent on the light 
intensity as is the case in this mechanism. Moreover it was produced 
by radiation of wavelength 225_nm47 which is within the range of wave-
lengths found experimentally to be effective for photolysis. Step (2) is 
considered to be the rate determining step and has an activation energy of 
0,34 Kcal./mol. associated with it. 
The equations used in the mathematical analyses of the photolysis 
of calcium azide are the same as those used in the case of barium and 
strontium azides at these low temperatures. Thus the topography of the 
photolytic reactions involved can be assumed to be the same as that for 
these two azides. Calcium atoms formed in step ( 4) are located on the 
surface and on the planes of the crystal. Eventually diffusion of the 
atoms results in aggregation to give calcium metal nuclei. This aggregation 
of atoms indicates the end of the induction period. Nitrogen gas evolved 
will not necessarily escape during this period but will be largely 
absorbed on the powder. 
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The acceleratory reaction was analyzed using the Avrami-Erofeyev 
equation with.n = 2. The pronounced effect of the intense irradiation at 
low temperatures leads to the assumption that the 'value of n = 2 implies 
a two-dimensional growth of nuclei increasing from a fixed number of 
centres. The visual observations made, the mathematical analyses, the 
effect of filters and the effect of introducing water vapour on to the 
sample are all found to be virtually identical to those found for barium 
and strontium azides in the same temperature range and thus the topography, 
once again, is considered to be the same. 
The activation energy for the acceleratory reaction in this 
temperature range is 0,56 Kcal./mol. ·and the molecularity is two. 111e 
mechanism proposed for the growth of calcium metal nuclei is similar to 
that proposed for tariwn azide in this temperature range. A singly 
excited azide ion is trapped at a site S which is probably an anion 
vacancy. Another singly excited azide ion is trapped at the same site and 
the complex [N3-*0 N3 -*] reacts with a Ca + ion fonned via the photoelectric n 
effect to fonn a calcium atom, two positive holes and an electron~- Tne 
defect S is regenerated. If this defect is an anion vacancy it will fonn 
an F-centre with the electron. 111e positive holes react with ground state 
azide ions to form nitrogen and N2 ions. Light of wavelength 325 nm will 
cause the reaction 
to occur. The predominant reaction involving the N2 - ion, however, will 
result in the fonnation of nitrogen and, ultimately F-centres. Eventually 
the metal nuclei grow to the interface when electrons, formed as a result 
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of the collapse of F-centres, react with Ca2+ ions to fonn calcium atoms. 
The excited ions are presumed to be located at defect sites since they 
will revert to the grow1d state if located at ideal lattice positions. 
The F-centres aggregate initially as a result of the increased stability 
due to resonance and then, at a critical concentration, collapse to 
produce vacancies and electrons. Thus the mechanism for the acceleratory 
reaction in this temperature range is as follows: 
hv 
N3-
-+ N -* (1) + 3 .
hv 
Can 
-+ + (2) + Can ·+ e 
Ca+ + N3-* S N3-* ~ Can + n 2N3 + e + s (3) 
2N3 + 2N3 - -+ 2N2- + 4N2 (4) 
N2- N3 - -+ N2o - Nl- (5) + + 
N2- + 2N 2 -+ 3N2+ 0 + e (6) 
-+ 3N2 + r:J (7) 
z s- -+ z D + 2e (8) 
Can + Ca2+ + 2e -+ Can+! (9) 
Step (3) is considered to be the rate detennining step and has an 
activation energy of 0,56 Kcal./mol. associated with it. The mechanism is 
in accordance with the dependence of the rate on the square of the light 
intensity. 
1ne decay reaction commences when the two-dimensional nuclei overlap 
and the surface of the particles are covered with the reaction product. 
This period was analysed using the. unimolecular decay law. · Introducing 
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water vapour during the decay period caused the reaction to cease. 
TI1is was presumably a result of the formation of a layer of calcium 
hydroxide on the surface. This layer is opaque to ultraviolet light and 
hence the reaction ceases. The visual observations, mathematical 
analyses and the effect of introducing water vapour is the same as that 
for barium azide and the topochemistry of the reaction is considered to be 
the same. 
The mechanism proposed for the decay period is the same as that 
for the acceleratory period. The activation energy for the decay 
reaction is 0,42 Kcal./mol. and is very similar to that of the acceleratory 
reaction. TI1e rate is also dependent on the square of the light intensity 
as in the case of the acceleratory reaction. 
(iii.d) Photolysis in the terrrperature range 7,0° - 22,0°C 
The activation energies obtained for the photolysis of calcium 
azide powder in this temperature range are 5, 70 Kcal. /mol. , 4, 18 Kcal. /mol. 
and 3, 76 Kcal./mol. for the induction, acceleratory and decay reactions 
respectively. T'ne molecularities for these stages of the reaction are 
(to the nearest whole number) 1, 2 and 2 respectively. 'Il1ese values were 
obtained in a study completely independent from that carried out in the 
temperature range 35 ,0° ~ 60 ,0°C TI1e values f6r the activation energies 
and molecularities obtained in each temperature range are very similar or 
identical. The visual observations, mathematical analyses, the effect 
of the use of filters and the effect of introducing water vapour were 
also found to be the same. Hence it is concluded that the mechanisms 
proposed for the photolysis of calcium azide in the temperature range 
35,0° - 60,0°C are also applicable in this temperature range, and the 
general discussion pertaining to these mechanisms is the same. 
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(iv) J?HOTOLYSIS OF LITHIUM AZIDE 
Powdered lithium azide was decomposed photolytically in the 
temperature range -70,0° - 170,0°C. Throughout this temperature range 
the photolysis was characterized by an initial induction period during 
which no measurable amount of nitrogen was evolved. This was followed by 
an acceleratory and decay reaction. The reproducibility obtained over 
the acceleratory and decay periods was good but no highly satisfactory 
reproducibility was obtained over the induction period, particularly at 
low temperatures. Powdered samples were ground and sieved repeatedly 
in an effort to improve reproducibility over this period but variations 
in the defect surfaces, crucial to the decomposition process, are not 
readily eliminated. The pressure-time graphs were sigmoid in shape. 
The acceleratory period was described by the Avrami-Erofeyev equation lvith 
n = 2 and the decay period was analyzed using the unimolecular decay law. 
The degree of fit of the mathematical equations was virtually the same at 
all temperatures under study and the inflection point occurred consistently 
in the region of a. = 0,25 in the higher temperature range and at a. = 0,43 
in the lower temperature ranges. The percentage decomposition was 78% 
in the higher temperature range and 57% in the lower temperature range. 
These are to be compared with a value of 82% obtained in the thermal 
decomposition of lithium azide powder at 200°c.174 
In the study carried out over the temperature range -70,0° - 17 ,0°C 
two distinct activation energies were determined, a change in the value 
occurring at -19,0°C. The activation energy for the induction period was 
3,14 Kcal./mol. below -19,0°C and 4,98 Kcal./mol. above that temperature. 
The activation energy for the acceleratory period was 1,71 Kcal./mol. and 
4 ,25 Kcal./mol. for the temperature Tanges below and above -19 ,0°C 
respectively and for the corresponding temperature ranges 
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the activation energy for the decay period was 0 ,88 Kcal./mol. and S ,44 
Kcal./mol. respectively. The values of m for the induction, acceleratory 
and decay periods respectively were 1,71, 1,69 and 1,70 in the 
temperature range below -19,0°C and 1,54, 1,81 and 1,86 in the temperature 
ranges above -19,0°C. 
In the study carried out in the temperature range 24,6° - 170,0°C 
the activation energies were found to change at 71,8°C. Below this 
temperature the activation energies for the induction, acceleratory and 
decay reactions were found to be 6,10 Kcal./mol., 4,20 Kcal./mol. and 3,20 
Kcal./mol. respectively. Above 71,8°C the activation energies were found 
to be 11,50 Kcal./mol., 9,90 Kcal./mol. and 11,60 Kcal./mol. The decay 
reaction was also analyzed using the split-run method. Below 78,0°C the· 
activatio11 energy was found to be 2,48 Kcal~/mol. and above 78,0°C the 
activation energy was 8 ,44 Kcal./mol. The molecularity of the inducticn, 
acceleratory and decay reactions below 71,0°C were found to be 1,54, 1,81 
and 1,86 respectively and above this temperature the molecularities for the 
corresponding reactions were 1,14, 1,14 and 1,18. 
(iv.a) Photolysis in the temperature range 24,6° - 71,B°C 
As stated above the photolysis corrnnenced with an induction period, 
during which there was no measurable evolution of gas, followed by an 
acceleratOY)' and decay period. The acceleratory period was analyzed using 
the Avrami -Erofeyev eo,uation with n = 2. The value of n = 2 can be 
ascribed to one of the following types of nuclear growth 
. (i) one-dimensional grow~h of nuclei, increasing in number linearly 
with time; or 
(ii) two-dimensional grmvth of nuclei increasing from a fixed number 
of centres. 
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TI1e first type of growth does not appear acceptable because the relatively 
high value of the inflection point implies that it is highly unlikely 
that a one-dimensional growth could be sustained at such a high intensity 
of irradiation for the entire acceleratory period. 
It is during the induction period that the formation of nuclei 
takes place. Metallic nuclei were not present at the commencement of 
heating since admission of water vapour at t = 0 had no effect on the 
subsequent photolysis other than to lower the final pressure. TI1is 
latter phenomenon was probably due to the partial hydrolysis of azide by 
the water vapour. Introducing water vapour at subsequent points during 
the induction period similarly had no effect on the photolysis. However, 
introduction of water vapour at the end of the induction period had the 
effect of sausing a new induction period to occur with a subsequent lower-
ing of the acceleratory rate. This indicates that it was only at the end 
of the induction period that metallic nuclei were formed. The nuclei are 
considered to be surface ones and are discrete. Clustering of nuclei occurs 
at the end of the induction period and the sites preferred for this are on 
the surface of the particles,such as surface cracks or lines of strain 
where disorganization or mechanical damage has taken place and where there 
is a higher thermodynamic instability and w1saturation of cohesive forces.17 4 
This mechanical damage is enhanced by the grinding and dehydration process 
which precedes decomposition. Grinding produces a large number of disloca-
tions which group to form high angle grain bow1daries. 
It was found that the effect of filtering the ultraviolet radiation 
caused the rate of the reaction to decrease. TI1e extent of the decrease in 
rate depended on the type of filter used. The decrease in rate experienced 
with all three filters was partially a r~sult of simple reflection of the 
radiation from the highly polished surface. Disregarding this, however, 
as being a constant.factor, it was found that there was a much greater 
decrease in rate when the 1 nun UGl was used compared to the 3 mm UGS. 
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The 5 mm BG12 filter had such a dramatic decreasing effect that the 
photolytic decomposition virtually appeared to cease. The conclusions 
that are drmvn from these observations are that the most effective wave-
lengtbs forphotolysis are those in the range 220 - 280 run. As has been 
explained previously in the discussion on the photolytic decompositions 
of the other azides, these wavelengths do not represent energies of the 
magnitude required for the fonnation of free electrons and holes and it 
is considered that the ultraviolet radiation causes a transition of low 
probability to a low-lying excited state of the azide ion. 9 This absorbed 
energy is localized at the favoured sites in the form of vibrational or 
internal electronic excitation. This primary excitation which ultimately 
leads to decomposition, thus results in the localization of energy in a 
trapped anion. 
11Le mechanism proposed for the fonnation of nuclei during the 
induction period must be in accordance with the observed dependence of the 
rate on the square of the light intensity. Since no e.s.Lor optical 
absorption spectrum studies have been carried out on lithium azide to date, 
the proposition that certain specific ions or colour centres are products 
of photolysis is speculative. Lithium azide has the same crystal structure 
as a-sodium azide and .is similar in structure to barium azide. All three 
are monoclinic, barium azide being P2i/m and the other two are C2/m. 1 82 
Lithium and sodium azides. are both bCJ.sically distorted sodium chloride 
type crystals, in which the azide ions stack perpendicularly. No photo-
current has been observed with sodium azide at the wavelengths which were 
found to be effective for photolysis of lithium azide. This observation 
strengthens the proposal that excited azide ions are fanned in lithitun 
azide. F-centres have been observed in tbe l1alides as well as in soditun 
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and many other azides. Sodium and lithium azides have also been shown to 
have virtually identical properties in vibrational studies,182 
Prout and Liddiard174 , in a study of the thennal and pre-irradiated 
decomposition of lithium azide, have proposed an induction period mechanism 
involving the decomposition of two azide ions to give three molecules of 
nitrogen and two electrons. The activation energy determined for this is 
22,0 Kcal./mol. The activation energy of photolysis for the same period 
in the temperature range under discussion is much less and thus the rate 
detennining step is clearly different. Initial absorption 9f a photon 
leads to the fonnation of an excited azide ion. This excited ion is 
probably trapped at a defect such as an anion vacancy. A second excited 
azide ion is trapped at the same site in a manner analogous to that 
postulated for barium, strontium and calcium azides. Reaction then takes 
place with a Li+ ion to form the metal. Nitrogen gas produced is probably 
absorbed on the very large surface of the particles- of the powder. TI1e 
defect S is regenerated. Thus 
hv 
N - -+ Ng-* (1) 3 + 
2Li+ + Ng-* S Ng-* ~ 2Li + 3N2 + s (2) 
The rate determining step is step (2) and the activation energy of 6,10 
Kcal./mol. is associated with this step. As already stated, introducing 
water vapour at the end of the induction period causes a new induction 
period to appear but does not markedly alter the subsequent rate of 
decomposition. TI1is indicates firstly that metal atoms are present at the 
end.of the induction period and second1)r that the water vapour does not 
affect the decomposition sites. 
The lithium atoms formed in step ( 4) diffuse over the surface and, 
at a critical concentration, aggregate to form lithium metal nuclei with 
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all the associated electronic .properties of a metal. TI1e structure of 
a metal in a thin film has been shown to be identical to the bulk metal. 
The films, fanned by lateral growth of nuclei, may become continuous at 
thicknesses as low as S run. TI1e character of the conductivity of such 
metal films corresponds very closely to that of the massive metal. 11ms 
it will be possible for a very thin two-dimensional metal nucleus with 
the electronic properties of the bulk metal to form on the surface of 
the particles at discrete centres. 
At the end of the induction period growth of the nuclei corrnnences 
and the reaction accelerates. During this period reaction·occurs at a 
rapidly expanding re£ctant/product interface and an increasing number of 
nuclei. 
The acceleratory period has a rate which is dependent on the 
square of the light intensity. Thus a mechanism must be postulated 
involving the decomposition of two excited azide ions. Prout and Sears 74 
in a study of the photolysis of lithium azide in the temperature range 
-60,0° - 20,0°C have found a dependence throughout this range on the 
square of the light intensity. They have proposed a inechanism which 
involves the bimolecular reaction between two excited ions each trapped at 
-* 
a different anion vacancy. 'The complex formed, viz. [N 3 02 N3]-*, subsequently 
decomposes to yield bio positive holes and two F-centes. The F-centres 
eventually aggregate, collapse and react with Li+ ions to form lithium metal. 
It is not clear, however, to which specific period of the decomposition not 
to which part of the temperature range studied this mechanism was applied. 
If it is assumed that in general lithium and sodium azides can be treated 
analogously then the mechanism postulated should preferably account for the 
formation of F-centres and F2+-centres both of which have been detected in 
sodium azide. The latter has also been observed in the photolysis of 
potassium and barium azides. 4 7 ' 61 ' 62 ' 70; l 9 O Thus a mechanism can be 
proposed in which an excited azide ion reacts with an Li + ion, formed 
n 
via the photoelectric effect, to produce Li and the positive hole N3 • n . 
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A second excited azide ion would react with an adjacent ground state azide 
ion to produce nitrogen and, ultimately, F-centres. The positive hole 
decomposes to yield eventually, with a ground state azide ion, two molecules 
of nitrogen and an N2 - ion. 
However, there is no evidence for the fonnation of the N2 - ion 
in the photolysis of lithium azide and, if anything, it is more likely to 
be produced at low temperatures where it has been detected in the case of 
sodium, potassium and barium azides~ F- and F2+~centres have been observed 
in the photolysis of sodium azide and the former in the photolysis of 
virtually all inorganic azides. F2+-centres are, however, not stable at 
ambient temperature and are not postulated to form here. Hence, the 
following mechanism is proposed for the acceleratory reaction in the 
photo1ysis of lithium azide. Initially a ground state azide ion is 
excited by absorption of a photon. This excitation is an internal 
transition on the ion itself. If it is situated at an ideal lattice site 
it will revert to the ground state. If situated at a defect site, the 
· excited ion will be stable and will then react with a lithium ion fanned 
as a result of the photoelectric effect. A second singly excited azide 
ion reacts with a positive hole to form three molecules of nitrogen, two 
anion .vacancies and an electron. Electrons are then trapped at single 
anion vacancies to form F-centres. These centres aggregate because of the 
increased stability thus obtained as a result of resonance of the electrons 
between identical defects. The aggregate collapses on reaching a critical 
size and the electrons thus produced react with lithium ions to form 
lithium atoms. Eventually metal nuclei form and these grow to the interface. 





Li + Li + + + e n n 
L. + + N -* ~ Li + N3 ln . 3 n 
N3 + N -* 3 + 3N2 + 20 + e 
+ 3N2 + r:J + D 
Collapse of the F-centres produces anion vacancies and electrons, the 
latter reacting as follows: 
+ Li + 
n 








Step (3) is considered to be the rate determining step and has an activation 
energy of 4, 2 Kcal. /mol. associated with it. Similar mechanisms- have been 
proposed by Prout and Shephard in the case of barium and strontium azides, 50 
and by Jacobs et al. in the case of sodium azide44 and in the present work 
in the case of calcium azide. 
The importance of the metal nucleus during the acceleratory period 
has been illustrated by the experiments in which water vapour has been 
introduced on to the sample. Exposure to water vapour during this period 
caused the reaction to be destroyed and resulted in a new induction period 
slightly shorter than. that for an w1interrupted decomposition. The rate 
constant of the subsequent reaction decreased. The destruction of the 
reaction implies the presence of metallic nuclei on the surfaces of 
particles. The new induction period implies that new nuclei had to form 
to enable the reaction to continue and the lowering of the rate constaJ1t 
is considered to be due to the removal of potential rn.tclei forming sites by 
the water vapour. 
Interruptions at the inflection point and at positions futther 
along the decomposition curve destroy any further reaction, thus 
indicating that no new growth nuclei are possible beyond this stage of 
the decomposition. Visual observations made indicate that all surfaces 
are very dark brmvn after the inflection point indicating that all 
particles are covered with a layer of lithium metal. Introduction of 
water vapour during the decay reaction causes lithium hydroxide to be 
fanned. This is opaque to ultraviolet radiation and thus no new growth 
nuclei can be fanned and the reaction ceases. 
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The decay reaction commences when the surface nuclei touch m1d the 
surfaces of the small particles are covered by reaction product. The value 
of n = 2 used during the acceleratory reaction in the application of the 
Avrami-Erofeyev equation has indicated that the growth centres of the metal 
are plate-like in nature advancing along the grain boundaries in which 
they were initiated. This results ultimately in a difference in molecular 
volume between product and reactant phases. 1be interface may then 
collapse leaving isolated blocks of material in which no nuclei are present. 
If each molecule in these isolated blocks has an equal probability for 
decomposition, then the rate of reaction is simply proportional to the 
amount of substance undecomposed. This is the topography associated with 
the unimolecular law which has been found to fit the decay reaction. 
The activation energy for the decay period was 3,2 Kcal./mol. and 
the molecularity was two. These values are very similar or identical to 
the values obtained during the acceleratory period. Hence, the same 
mechanism as that proposed for the acceleratory reaction is postulated 
for the decay reaction. The evolution of nitrogen is decreased as a result 
of the gradual consumption of defects which are helpful to the reaction. 
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(iv.b) Photolysis in the temperature range 71~8° - 170~0°C 
In this temperature range the activation energies for the induction, 
acceleratory and decay reactions were 11, 50 Kcal. /mol. , 9, 90 Kcal. /mol. and 
11,60 Kcal./mol. respectively. The rates of induction, acceleratory and 
decay reactions were linearly dependent on the light intensity. 
The mathematical analyses, visual observations and the effect of 
the introduction of water vapour at various stages of the reaction were 
found to be analogous to the results obtained in the temperature range 
24,6° - 71,8°C. It is consequently assumed that the topochemical 
decomposition in the higher temperature range is similar to that in the 
temperature range below 71,8°C. 
The rate of the induction period changes at 71,8°C from a depend-
ence on the square of the light intensity to a linear dependence on the 
1 ight intensity. In order to account for this change as well as to account ·for 
the increase in the activation energy from 6 ,10 Kcal./mol. to 11,50 Kcal./mol. 
an alternative mechanism is proposed. The rate determining step is 
considered to be one in which an electron is transferred from an azide ion 
to a lithium ion. Sufficient thermal energy is available for this to take 
place. The. resultant positive hole reacts with an excited azide ion to 
produce nitrogen and an electron. The electron then reacts ·with another 
lithium ion. 
hv 
N3 - + N3-* (1) + 
Li+ + N3 ~ Li + N3 (2) 
N3-* + N3 + 3N2 + e (3) 
Li+ + e + Li (4) 
Step (2) is the rate determining step and has an activation energy of 11,50 
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Kcal. /mol. associated with it. TI1e mechanism is seen to be in accordance 
with the observed linear dependence of the rate on the light intensity. 
The acceleratory reaction in this temperature range is also linearly 
dependent on the light intensity as opposed to the dependence on the square 
of the light intensity below 71,8°C. This change in molecularity as well 
as the increase in activation energy from 4,20 Kcal./mol. to 9,90 Kcal./mol. 
necessitates a new mechanism. As in the induction period, sufficient 
thermal energy is considered to be available for the trru1sfer of an electron 
from a grow1d state azide ion to an ion of lithium which has been fanned via 
the photoelectric effect. The positive hole thus formed reacts with an 
excited azide ion to form three molecules of nitrogen, two anion vacancies 
and an electron. Eventually there is an aggregation and a subsequent 
collapse of F-centres at a critical concentration. Ultimately lithium 
metal nuclei form ru1d grow to the interface. 
hv 




Lin + +- + e 
Li + + N3- {). Li + N3 -+ n 
N3 + N3-*-+ 3N2 + z D + e 
-+ 3N2 + tJ + D 
[] -+ D + e 
+ 








Step (3) is considered to be the_rate determining step and has ah activation 
energy of 9, 90 Kcal. /mol. associated 1vi th it. TI1e mechanism is in accordance 
with the linear dependence of the rate on the light intensity. 
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The mechanism of photolytic decomposition during the decay 
reaction is considered to be the same as that occurring during the 
acceleratory reaction. The activation energy of 11,60 Kcal. /mol. is very 
similar to that obtained during the acceleratory period and the dependence 
of the rate on the light intensity is also the same. This mechanism is 
the same as that proposed by Prout and Shephard for the photolysis of 
barium azide in a similar temperature range 50 and the same as that proposed 
for calcium azide in the present work in the range 60,0° - 95,0°C. 
(iv.c) Photolysis in the temperature range -70,0° - -19,0°C 
The photolysis of lithium azide powder in this temperature range 
has been fow1d to have most of the characteristics that have already been 
seen to be associated with the photolysis of calcium, barium and strontium 
azides in this temperature range. The general mathematical analyses of 
the various parts of the photolytic decomposition are the same. The 
reciprocal of the duration of the induction period was taken as the rate 
constant for this part of the reaction. The acceleratory period was 
analyzed using the Avrami-Erofeyev equation with n 2. The decay reaction 
was analyzed using the unimolecular decay law. In a comparative study of 
the photolysis of lithium azide by Prout and Sears 74 the acceleratory reaction 
was analyzed using the Avrami-Erofeyev equation with n = 3. Prout and 
Liddiard169 in a study of the thermal decomposition of lithium azide also . 
used the Avrami-Erofeyev equation with n = 3 to analyze the acceleratory 
reaction. The latter 1-.;orkers, -however, in a study of the thermal decomposi-
tion of lithium azide pre-irradiated with y-rays, X-rays and ultraviolet 
radiation, used in each case a value of n = 2. Attempts were made to 
analyze the acceleratory reaction using a value of n = 3 but the fit Has not 
as good as with n = 2. This latter value implied therefore a two-dimensional 
-
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growth of nuclei from a fixed number of centres. In the photolytic 
study l·eferred to above 74 the decay reaction was analyzed using the 
equation log a. ;:: kt + c. This effectively yields the same results as the 
unimolecular decay la~. TI1is law is based on the principle that the rate 
of a reaction is proportional to the amount of substance undecomposed 
whereas the above equation has as 'its basis the dependence of the rate on 
the amount of substance decomposed. 
The activation energies for the induction, the acceleratory and 
the decay reactions for the photolysis of lithium azide in this temperature 
range are 3,14 Kcal./mol., 1,71 Kcal./mol. and 0,88 Kcal./mol. respectively. 
The molecularities for the same periods in the same temperature range 
are 1,71, 1,69 and 1,70 respectively. 
The visual observations, the effect of filters and the effect of 
introducing water vapour during a decomposition were all similar to the 
observations made in the cases of calcium, barium and strontium azides in 
the same temperature range. The di.scussion of the topography of the 
photolytic decomposition for each period will therefore be the same as for 
the other azides. 
The rate of the reaction during the induction period is dependent 
on the square of the light intensity and hence the mechanism postulated must 
involve either two singly excited azide ions or a single doubly excited ion. · 
The rate determining step in the formation of nuclei at ambient temperatures 
involves the reaction between a complex containing two singly excited ions 
and a lithium ion and has an activation energy of 6, 10 Kcal. /mol. In the 
present temperature range the decreased value of the activation energy 
viz. 3 ,14 Kcal./mol. is thought to imply a reaction with a single doubly 








+ N3-** (2) 
The doubly excited ion is trapped at a trapping site, such as an anion 
vacancy, together with a ground state azide ion. This complex then 
reacts with a lithium ion. 
2Li + 3N2 + S (3) 
where S is a trapping site, probably an anion vacancy. Step (3) is the 
rate determining step and has an activation energy of 3,14 Kcal./mol. 
associated with it. 
The acceleratory reaction also depends on the square of the light 
intensity. Both the molecularity and the activation energy for the 
acceleratory reaction in this temperature range are identical or ve1-y 
similar to the values obtained for calcium, barium and strontium azides in 
this temperature range. Prout and Sears 74 also found the rate to be 
dependent on the square of the light intensity and, in this temperature 
range, found the activation energy for the acceleratory reaction to be 
0,82 Kcal./mol. The mechanism proposed by them has already been discussed 
in the previous section. It basically involves free radicals. The 
mechanism proposed here is similar to that already proposed earlier in the 
cases of barium, strontium and calcium azides. Initially an azide ion is 
excited and is trapped at a defect site S, such as an anion vacancy. 
Another singly excited ion, trapped at the same site, forms the complex 
[N 3 -* S N3-*]. This complex reacts with an Lin+ ion, formed via the photo-
electric effect, to yield a li thitun atom, two positive holes and an 
electron. TI1e defect site is regenerated. If it is an anion vacancy it 
will form an F-centre with the electron produced. The two holes fonned 
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react with two ground state azide ions to produce N2 - ions and molecular 
nitrogen. The N2- ion has been detected in the photolysis of both sodium 
and potassium azides. The N2- ions react to a very small extent with N3 -
ions to yield the N2° - N32 - complex. Tne ion reacts mainly, however, with 
molecular nitrogen to yield more nitrogen and F-centres or F2+-centres. 
These reactions, involving the N2 - ions, have been postulated in the case of 
calcium, barium and strontium azides. The F2+- and F-centres aggregate, 
reach a critical size and then collapse to produce electrons and anion 
vacancies. These electrons react with lithium ions to form lithium metal 
nuclei which grow to the interface. Thus the mechanism is: 
hv 
N - -+ N3-* 3 + (1) 
hv + 
Lin 
-+ Li + +· e 
n 
(2) 
Li + N3-* s -* /j Li 2N3 s + N3 -+ + + e + n n (3) 
2N3 + 2N3 - -+ 2N2 - + 4N2 (4) 
N2- N3 
-+ N2o N32-+ + - (5) 
N2- + 2N2 -+ 3N2 + z [I + 2e (6) 
-+ 3N2 + 2 [] (7) 
or -+ 3N2 + m + e (8} 
EJ -+ [I + e 
or rn -+ z D + e (9) 
Li + Li+ + e -+ Li 
n ~l (10) 
The F-centre formed in step (7) and the F2+-centre formed in step (8) 
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are both relatively stable and will tend to aggregate as a result of the 
increased stablilty arising from resonance of the electron. Ultimately, 
however, they collapse to yield electrons lvhich combine with the lithium 
ion as shovvn in step (10). Step (3) is considered to be the rate deter-
mining step and has an activation energy of 1,71 Kcal./mol. associated with 
it. The effects of introducing water vapour during photolysis and of 
filtering the ultraviolet radiation are identical to those observed at 
ambient temperatures and thus the discussion outlined in Secion 10 (iv.a) 
is equally applicable here. 
The decay reaction is also dependent on the square of the light 
intensity and has an activation energy of 0,88 Kcal./mol. Prout and Sears 74 
have obtained similar dependence on light intensity and an activation 
energy of 0 ,85 Kcal. /mol. for this period. The values obtained in this 
:work· are identical or similar to those obtained for the acceleratory 
reaction and consequently the same mechanism is postulated. 
(iv.d) Photolysis in the temperature range -19,0° - 1?,0°C 
The activation energies found for the photolysis of powdered 
lithium azide in this temperature range were 4 ,98 Kcal./mol., 4 ,25 Kcal./mol. 
and 5,44 Kcal./mol. for the induction, acceleratory and decay periods 
respectively. TI1ese values were very similar to the values of 6,1 Kcal./mol., 
4,2 Kcal./mol. and 3,2 Kcal./mol. obtained for the same periods in the 
temperature range 24,6° - 71,8°C. The value of the molecularity of the 
induction, acceleratory and decay periods in the temperature ranges -19,0° -
17,0°C and 24,6° - 71,8°C was two throughout. In view of the marked 
similarities between the results obtai11ed in these two temperature ranges 
and the similarities in the topochemistry as indicated by the use of the 
same equations in tne ma.thematical analyses, it is proposed that the same 
mechanisms as postulated in Section 10 (iv.a) for the temperature range 
24,8° - 71,6°C are also applicable in this temperature range. 
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B, PHOTOLYSIS OF PELLETED CALCIUM AZIDE 
The photolysis of pelleted calcium azide was carried out in the 
temperature range 25,0° - 90,0°C. The pressure-time plots showed similar 
characteristics to those obtained for puwdered samples. 111ey were sigmoid 
in shape and showed distinctive induction, acceleratory and decay periods. 
During the induction period there was no measurable evolution of gas. The 
acceleratory period was analyzed using the Avrami-Erofeyev equation with 
n = 2 and the unimolecular law was used to analyze the decay period. The 
reproducibility obtained was not very good notwithstanding the use of 
different pelleting pressures. 
The poor reproducibility is presumed to be a result of the randomness 
of the effects resulting from the pelleting process. When the powdered azide 
is pelleted large numbers of crystal defects are created. New high angle 
grain bow1daries will also arise as a result of an accumulation of 
dislocations. Thus a pellet with a high concentration of point and line 
defects will result but the concentration of these defects will vary from 
pellet to pellet in a random manner. Thus the decomposition of the pellet, 
which is highly dependent on the concentration of defects will vary accordingly 
and hence the observed unsatisfactory reproducibility. TI1e phenomenon of 
pellets exploding can be ascribed to a particularly high concentration of 
defects. 
TI1e mecl1anism whereby the calcium metal nuclei form during the induction 
period is presumed to be the same as that postulated for the powdered form 
in the temperature range 35,0° - 95,0°C. The metal nuclei form on the 
surface of the pellet at emergent grain boundaries and also along internal 
grain boundaries and dislocations in the pellet. TI1e duration of the 
induction period is proportional to the time required for the calcium metal 
atoms., fanned initially at the interatomic spacing of calcium azide, to 
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aggregate to calcium metal specks, The process of decomposition commences 
when azide ions, present at defect sites, become excited by the absorption 
of a photon. Visual observations made of the pellet during photolysis show 
the appearance of a brown colour at the end of the induction period. This 
is presumably an indication of the presence of calcium metal at the end of 
this period. Introducing i11ater vapour on to the pellet at various stages 
. -
of the induction period provided further evidence of this. The effect of 
water vapour introduced at the connnencement of the induction period as well 
as half~way alo_ng this period had no effect on subsequent decomposition, 
indicating that no metal nuclei exist at these stages. Water vapour 
introduced at the end of the induction period, however, caused a new induct-
ion period to appear of duration almost equal to that of the original 
period. This phenomenon indicated the presence of calcium metal at the end of 
the induction period. 
TI1e acceleratory period was analyzed in the same way as in the case 
of the powdered form. A difference was observed in the position of the 
inflection point. In the case of the powder this point occurred at 0,35 and 
in the case of the pellet at 0,27. Two reasons can be proposed for this 
observation which implies that the decay reaction connnences more rapidly 
in the pelleted form than in the powdered form. The decay reaction, as has 
been seen in the study of the powdered azide, connnences when all the particles 
are covered on the surface with metallic calcium. Clearly the surface to 
volume ratio of pellets is small compared to that f<Dr powder and thus the 
time taken to cover the surface of the pellet with metallic nuclei will be 
considerably less than that observed in the case of powder. 111is time will 
represent a considerably smaller fraction of the time taken for complete 
decomposition to occur than in the case of powder. The other factor which 
can account for the rapid onset of the decay reaction is that, as a result 
of the pelleting process, there. will be extreme disorganization of the 
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surfaces of the particles as they are pressed together, thus fanning new 
"internal surfaces". TI1ese regions are considered to be likely zones 
for the fonnation of F-centres. In addition some F-centres will also form 
at the grain boundaries in the individual particles, and it is assumed that 
the concentration of centres in the new "internal surfaces" is very high. 
By postulating for pellets the same mechanism as that proposed for the 
acceleratory period of powdered calciu.'TI azide, it can be seen that a 
· higher concentration of F-centres will lead to a more rapid formation of 
calcium atoms which then crystallize to form metal nuclei. 
The decay reaction commences when the two-dimensional nuclei overlap 
and the product interface moves into the pellet obeying the unimolecular 
decay law. The pellet was observed to be black wherever visible. 111is \vas 
due to the layer of metal on the surf ace as was shown by experiments in 
which water vapour was introduced unto the sample during the decomposition. 
This caused the reaction to cease completely presumably as a result of the 
formation of calcium hydroxide which, being opaque to untraviolet light, 
causes photolysis to cease. Interruptions at values of a less than 0,27 
caused a new, progressively longer, induction period to occur and in all 
cases the final pressure was lower than that of an uninterrupted run. TI1is 
was probably due to.hydrolysis of the azide. 
As has already been outlined in the results section, both 'separate 
run' and split-run' techniques were used to determine the activation energies. 
TI1e pressure at which the pellets were pressed was also varied in these 
studies. In the temperature range 25,0° - 50,0°C the activation energy of 
the induction period was 6,39 Kcal./mol. compared to a value of 7,78 Kcal./mol. 
for powdered calcium azide in the same temperature range. TI1e activation 
energy for the acceleratory period in the 25,0° - 50,0°C range was 7,07 
Kcal./mol. compared to 7,30 Kcal./mol. in the same temperature range for 
the prnvdered calcium azide. It would seem therefore that pelleting the 
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sample has little or no effect on the activation energy for the induction 
and acceleratory periods of the reaction although the poor reproducibility 
during the induction period necessitates the value for that region being 
treated with caution. 
The average value of the activation energy for the decay period in 
·the temperature range 25,0° - 60,0°C was approximately 13,5 Kcal./mol. and 
the average value in the temperature range 60,0° - 90,0°C was approximately 
24 Kcal./mol. No marked differences could be detected in the values when 
the pelleting pressure changed from 1500 lb./sq.in. to 2000 lb./sq.in. The 
activation energy for the powdered form in the corresponding temperature 
ranges is 4,67 Kcal./mol. and 17,36 Kcal./mol. respectively. Prout and 
Shephard5 0 in a comparable study of pelleted barium and strontium azides in 
these temperature ranges have noted similar trends in the activation energy 
of the decay period. They also observed a fairly marked increase in the 
activation energy with increased pelleting pressure. 
The photolytic decomposition of pellets will occur in the bulk of the 
pellet and on the external surface. The particles comprising the pellet 
behave as if they were isolated particles. The increase observed in the 
activation energy on pelleting the sample may be due to the fonnation of 
pockets of nitrogen in the bulk of the pellet implying that energy is 
required for diffusion as well as for the relevant reaction. 
In general therefore it is proposed that the same mechanism postulated 
for the photolysis of powdered calcium azide in the temperature range 35,0° -
95,0°C are applicable to the photolysis of pelleted calcium azide in the 
temperature range under discussion. 
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C, CO-IRRADIATED DECOMPOSITION OF CALCIUM AZIDE 
(i) POWDER 
A study of the co-irradiated decomposition of calcium azide powder 
produced results whicn resembled in the various ways the results obtained 
I 
for the photolysis of powdered calcium azide at high temperature i.e. 
60 ,0° - 95 ,0°C and those obtained for the purely thermal decomposition of 
powdered calcium azide. 111is particular study was carried out in the 
tempera~ure range 110,0° - 140,0°C. The essential feature of this decomp-
osition is the existence of a dark rate at all temperatures in the decomp-
osition temperature range. This dark rate which is observed is basically 
a result of the phenomenon of pre-irradiation which means that, when the 
azide is irradiated prior to thermal decomposition, the latter occurs at 
an increa~cd rate for reasons lvhich have been explained in sections 5 and 
6. 
The co-irradiated decompositions were found to yield satisfactory 
reproducibility. The Avrami-Erofeyev equation with n = 2 was found to fit 
the acceleratory reaction as it had in the case of pure photolysis .. The 
decay reaction also was analyzed in the same manner as in the case of pure 
photolysis i.e. the unimolecular law was used. The inflection point occurred 
at a slightly higher value than in the case of photolytic decompositions. 
Activation energies were determined at three different intensities. 111ese 
results indicated clearly that the lower the intensity the closer the value of 
the activation energy approximated that for a purely thermal decomposition. 
For the induction period the activation energy of photolysis in the 
temperature range 60,0° - 95,0°C was 10,80 Kcal./mol. and the activation 
energy of thermal decomposition in the temperature range 110,0° - 140,0°C 
was approximately 20,0 Kcal./mol. The value obtained for co-irradiated 
decompositions in the temperature range 110,0° - 140,0°C varied fr0m 
21,31 Kcal./mol. at an intensity of 7 ,O units to 14 ,04 Kcal./mol. at an 
intensity of 17,5 units. The activation energy for the acceleratory 
reaction in photolysis in the temperature range 60,0° - 95,0°C is 12,52 
Kcal./mol. and the corresponding value for thennal decomposition in the 
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temperature range 110,0° - 140,0°C is approximately 26,70 Kcal./mol. The 
values for the co-irradiated decomposition in the temperature range 
110,0° - 140,0°C varied from 24,01 Kcal./mol. at an intensity of 7~0 units to 
23, 18 Kcal. /mol. at an intensity of 17, 5 uni ts. Similar trends occurred 
over the decay period where the activation energy for photolysis (60,0° -
95,0°C) was 17,36 Kcal./mol., for thermal decomposition (110,0° - 140,0°C) 
was 26,0 Kcal./mol. and for co-irradiated decomposition (110,0° - 140,0°C) 
was 27 ,51 Kcal./mol. (intensity 7 ,0 units) and 21,66 Kcal./mol. (intensity 
17 , 5 uni ts) . From these results .it can be concluded, as was done by Prout 
·and Shephard50 , that two concurrent mechanisms are taking place during 
co-irradiation. As the intensity o_f the ultraviolet radiation decreases 
the thermal decomposition mechanism becomes dominant in the light of the 
activation energy trends. Conversely, as the intensity of ultraviolet 
radiation increases the photolytic mechanism tends to dominate. The 
mathematical analyses of the acceleratory reaction in the thennal decomp-
osition made use of the Avrami-Erofeyev equation with n = 2 which had been 
used to analyze photolytic decomposition. Previous workers 137 , 16 8had used 
the equation (1-a) 
1
h = kt + c but the former equation was found to fit 
equally well. Therefore it was concluded that the topology of the reactions 
in thermal decomposition, photolysis and co-irradiation is the same in view 
of the fact that the same equation was used to analyze all three reactions. 
Similarly, the decay reaction 1-Jas analyzed throughout · using the unimolecu-
lar law. 
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As had aeen found 1n the photolysis of calcium azide in the 
temperature range 60,0° - 9S,0°C, the rate of the induction, acceleratory 
and decay reactions were linearly dependent on the light intensity in 
the co-irradiated decomposition. This .evidence serves to strengthen the 
proposal that the same mechanisms as those occurring during high temperature 
photolytic decomposition are taking place during co-irradiation together 
with thermal decomposition processes. 
The percentage decomposition for co-irradiated photolytic and thermal 
decompositions were all very much the same. Many of the effects already 
observed in pre-irradiation studies 1 37,l68 were characteristic of co-
irradiated decomposition. These included a shortening of the induction 
period and an increase in the rate of the acceleratory and decay reactions. 
Prout and Brown13 7 have made a detailed study of the thennal deconip-
osition - both unirradiated and pre-irradiated - of calcium azide. The 
process of formation of nuclei is observed to take place on the external 
surface and, to a lesser extent, within the crystal. Formation may be 
preferred at certain sites such as surface cracks or lines of strain \~1ere 
disorganization has taken place and where there is a higher thermodynamic 
instability and unsaturation of cohesive forces. They proposed that the 
induction period during thermal decomposition is really a slow decomposition 
in which nitrogen is slowly liberated, thus: 
+ 2e (1) 
TI1e freed electrons combine with calcium ions to form calcium atoms which 
eventually aggregate to fonn metal specks with all the associated electronic 
properties of a metal .. Thus: 
ca2 + + 2e 7 Ca . (2) 
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Step (1) .is considered to be the rate detern1ining step. No measurable 
amount of nitrogen is seen to be evolved in view of the fact that it is 
absorbed on the powder. In a study of the thermal decomposition of calcium 
azide subsequent to pre-irradiation with ultraviolet radiation, the same 
workers observed that the shortening of the induction period following 
irradiation was a result of the effect of the aggregation at the surface 
of the vacancies which the radiation produces. TI1ese alter the surface 
topography and thus additional centres are created at lvhich strained azide 
radicals will decompose. Therefore the time taken to reach the critical 
concentration of calcium atoms for aggregation to a metal nucleus will be 
shortened. The additional anion vacancies result in a larger nwnber of 
surface clusters which are transformed to active growth nuclei by the 
capture of electrons. 
The mechanism of nucleus formation during photolysis in the temperature 
range 60,0° - 95,0°C has been shov.n to involve, as the rate determining step, 
the thermal transfer of an electron from a ground state azide ion to a 
calcium metal ion, Ca2+. The result of this reaction is the formation of 
a ca+ ion and a positive hole, N3 • The latter then reacts with a? adjacent 
singly excited azide ion to give three molecules of nitrogen and an electron. 
The freed electron then combines with the Ca+ ion to form calcium metal 
atoms. TI1ese atoms, formed in thin plates on the surface and moving down 
the core of the dislocation, aggregate to form calcium metal nuclei at the 
end of the induction period. 111is mechanism is consistent with the observed 
linear dependence of the rate on the light intensity. Both the thermal 
decomposition and photolytic decomposition mechanism are therefore seen to 
result eventually in the aggregation of calcium atoms. to give calcium metal 
nuclei and both mechanisms are postulated to occur concurrently during co-
irradiation. 
It has been observed in the present study that the duration of the 
induction period during co~irradiation is much shorter that that during 
thennal decomposition. It is not clear, however, whether the increased 
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rate is due to the more rapid appearance of reaction nuclei or whether an 
additional riumber of nuclei is fonned by accumulation of photolytic prodt:cts. 
In both cases the change in the decomposition velocity is due to the appea!Clnce 
in the initial substance of decomposition products which catalyze the 
process. For the same reasons the transition from induction period to 
acceleratory period is very much more drama.tic in the case of co-irradiation 
than in the case of thennal decomposition. 
In summary, therefore, the calcium metal nuclei formed at the end of 
the induction period are a result of separate thennal and photolytic 
mechanisms, although the end result is the same. The ultraviolet radiation 
has not changed the thennal effects, nor the temperature affected the 
photolytic processes. The two mechanisms are additive as shown by the 
relative activation energies of the photolytic, thermal and co-irradiated 
decompositions. The results of introducing water vapour have shrnvn that at 
the end of the induction period calcium metal is present as also have the 
visual observations which were made. Thus two mechanisms are proposed to 
take place simultaneously during the induction period in the co-irradiated 
decomposition of powdered calcium azide. 
(i) Photolytic: 
hv 
N3- -+ N3-* + 
Ca2+ + N3 - ti -+ Ca+ + N3 
N3 -* 3N2 + N3 -+ + e 
Ca+ + e -+ Ca 
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(ii) Thennal: 
Ca2+ + 2e Ca 
The acceleratory period connnences when the metal nuclei are fanned. 
In the purely thennal process 1 3 7 nitrogen is evolved by a mechanism in 
which an electron from the azide ion is elevated into the conduction band 
of the metal, followed by the reaction of a adjacent azide ion and the 
azide radical when the fonner receives sufficient thermal energy. As a 
result of this reaction nitrogen and F-centres are formed. The latter will 
aggregate as in the case of photolysis and eventually collapse to produce 
anion vacancies and electrons. The electrons react with Ca2+ ions to 
form calcium atoms which add on to the interface. The rate detennining 
step is considered to he the first step i.e. transfer of an electron to the 
conduction band and has an activation energy of 26, 7 0 Kcal. /mol. associated 
with it. Water interruptions have illustrated the presence of calcium 
metal during this period and the effects are the same as those usually 
associated with photolysis studies. 
Previous workers 1 37,168,5 7 have used a third power law in analyzing 
the acceleratory reaction in the thennal decomposition of calcium azide and 
have concluded that this implies the two -,dimensional growth of nuclei 
increasing in number, linearly with time. In the present study the 
acceleratory reaction in the thennal decomposition was analyzed using the 
Avrami-Erofeyev equation with n == 2 which implies, most likely, a two-
dimensional growth of nuclei increasing from a fixed number of centres. 
111e third power law was also used136 in the analysis of the acceleratory 
reaction in the thennal decomposition of calcium azide subsequent to 
ultraviolet radiation. Tompkins and Young 58 found that when pre-irradiated 
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material is decomposed above 97,0°C the cubic law ceased to apply and was 
replaced by a contracting envelope topochemistry. Prout and Moore1 68 
found that with higher doses of ultraviolet radiation the power law with 
n = 2 applied which represents the same topochemistry as the Avrami-
Erofeyev equation with n = 2. The latter equation has also been used by 
Prout and Liddiard169 in a study of the thennal decomposition of lithium 
azide subsequent to ultraviolet radiation. TI1e present study thus 
seems to indicate that in the co-irradiated decomposition of calcium azide 
the predominant feature of the growth of nuclei is two-dimensional growth 
from a fixed number of nuclei. The irradiation effect is very pronounced 
since a high intensity light source is employed. Irrespective of the 
validity of the cubic or square laws in the thennal decomposition or pre-
irradiation studies, the growth of these nuclei from fixed centres would 
swamp the latter effect and in general cause an acceleration of the decomp-
osition and decrease the time required to reach the decay stage of the 
reaction. These grmving centres are considered to by plate-like in nature 
advancing along the grain boundaries in which they were initiated. 
The mechanism of photolytic decomposition in the temperature range 
60,0° - 95,0°C has been seen to involve the thennal transfer of an electron 
from a ground state azide ion to a positively charged Ca+ ion. The Ca+ 
ion results from the metal nuclei fonned at the end of the induction period 
being subjected to the photoelectric emission of an electron. Hence, 
calcium metal and a positive hole, N3 , are fonned. This positive hole 
then reacts with an adjacent azide ion which has absorbed energy from a 
photon and three molecules of nitrogen, an F-centre and an anion vacancy 
are fonned. Aggregation and subsequent collapse of the F-centres results 
in fonnation of calcium metal atoms which then add to the nucleus. The 







intensity. The same dependence was found with the co-irradiated 
decomposition. Tne discussion pertaining to fOl1llation of excitons, excited 
azide ions or free holes and electrons as explained in photolysis is 
equally applicable here. The results of using filters are the same as in 
the case of photolytic decompositions although the decrease in rate is less 
dramatic because of the thennal effects at the higher temperature. Never-
theless it is clear that the most effective wavelengths during co-irradiation 
are in the 220 - 300 nm range. This precludes the possibility of electrons 
being excited to the conduction band or of excitons being fonned. It is 
postulated therefore that, as in the case of the induction period, the 
mechanism of photolysis and thermal decomposition are taking place con-
currently. 
The mechanism proposed for thermal decomposition involves, as the rate 
determining step, the promotion of an electron from an azide ion into the 
conduction band of the metal nucleus requiring an activation energy of 
26,7 Kcal./mol. The rate determing step in photolysis involves the 
thermal transfer of an electron fr01ri an azide ion to a ca+ ion, which has 
been fonned via the photoelectric effect. This process requires 12,52 
Kcal./mol. In either case the mechanism involves an azide ion losing an 
electron to form a positive hole. Ultimately, also, in either case the net 
result is the formation of calcium metal via either thermal ionization or 
thermal transfer. For a particular reactant - product topography at a 
particular temperature the measured rate is thus proportional to the 
concentration of positive holes. Two parallel reactions are responsible for 
the creation of this N3 radical. TI1erefore the measured reaction rate of 
a co-irradiated decomposition at a particular temperature can be expressed 
as 








= rate of decomposition if thePmaZ ionization of an electron 
from a groW1d state azide ion into the conduction band 
of calcium metal nucleus occurs exclusively, and 
= rate of decomposition if thePmaZ tPansfer of an electron 
from a groW1d state azide ion to a ca+ ion occurs exclusively. 
It has already been shotvn experimentally that the rate constant of the 
acceleratory period of a co-irradiated decomposition is proportional to 
the light intensity. It is necessary to examine the relationship between 
the experimental rate constant and the corresponding measured rate constant 
at a particular value of a. 
In view of the similarities of the values of the activation energies 
for the acceleratory and decay reactions ataparticular light intensity in 
co-irradiated and thennal decomposition, it can be assumed that the kinetic 
processes outlined for a co-irradiated decomposition occur both during 
the acceleratory and decay periods. Hence at a particular value of a great-
er than the value of the inflection point, the unimolecular law describes 





R = k(l-a) 
It is seen, therefore, that the rate of the reaction is proportional to 
the amou."'1t of rmdecomposed material. Tims the measured rate for a value 
of a in the decay stage is directly proportional to the experimental rate 
constant. 
1he r~te constant was found to be linearly dependent on the light 
intensity throughout the co-irradiated decomposition. Hence the relation-
ship between k and I is 
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k == a1 I + c i 
and since R is proportional to k 
R == a2 I + c 2 
It has been seen that the overall rate of the reaction is the sum 
of the rates of two parallel reactions. Therefore 
a2 I + c 2 • 
Since at all light intensities, at constant temperature, Rr at a particular 
value of a is constant, the rate vs intensity relationship can then be 
rewritten as 
Rm = a2 I + C,3 . 
The above argument L'Tlplies that the rate, at a particular valtie of a, of 
the reaction 
hv 
N3- -+ N3-* + 
N 3. 
z D -+ 3N2 + + e 
is directly proportional to the light intensity. Thus it is seen that only 
one optical excitation process occurs before the reaction with the positive 
hole occurs. This is in agreement with the observed linear dependence of 
reaction rate on light intensity. 111e reaction mechanism during the 
acceleratory and decay periods are identical and thus it is to be expected 
that RCO' at a particular value of a less than the value of the inflection 
point, is directly proportional to the light intensity. 
The above mechanism is consistent with the observed behaviour of the 
Arrhenius activation energy for the acceleratory and decay reactions when 
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calciwn azide is irradiated with ultraviolet l_ight during thennal 
decomposition. TI1e study of the photolytic decomposition in the temperature 
range 60,0° - 95,0°C has shown that the energy required for the reaction 
is 12, 52 Kcal. /mol. , while the energy required for the reaction 
N3- + N3 + (electron in conduction band of calcium 
metal nucleus), 
which takes place during thennal decomposition, is 26,70 Kcal./mol. 
Therefore the energy required for co-irradiation, during which both these 
reactions are occurring concurrently, should lie between 12,52 Kcal./mol. 
and 26,70 Kcal./mol. TI1e observed activation energy of the co-irradiated 
decomposition was intensity dependent but varied from 23,0 - 24,0 Kcal./mol. 
Clearly the Arrhenius equation applying to parallel reactions of this type 
·should be written 
where the subscripts T and CO have their previous meanings provided that 
the rate constants are obtained from the same rate equation. As the light 
intensity increases, kco increases with respect to kT and the measured 
activation energy of the parallel reactions should approach Eco· This fact 
has been verified experimentally as has been shown by the values of the 
activation energy for co-irradiation at different intensities quoted at the 
beginning of this section. 
Prout and Lownds 14 4, in a study of co-irradiated potassiwn pennanga-
nate, adopted a similar approach in explaining the decomposition process. 
The rate detennining step of the thermal decomposition was 
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Mno'· - fl MnO o ... ~ . '+ + e (1) 
which had an activation energy of 39 Kcal. /mol. TI1e rate detennining 
step in the photolysis of potassium penna11ganate at high temperatures, i.e. 
just below the range in which thennal decomposition occurred, was 
(2) 
which had an activation energy of 14 Kcal./mol. This mechanism involved 
the double excitation of an Mno4- ion whereas the co-irradiated decomposition 
was linearly dependent on light intensity. Thus the co-irradiated decomp-
osition involved 
(3) 
Thus both reactions (1) and (3) were postulated to occur and the activation 
energy of reaction (3) was expected to lie within the range 14 ,0 - 39 ,0 
Kcal./mol. The experimental values, dependent as in the case of calcium 
azide on .the light intensity, were found to lie between 29 ,0 Kcal./mol. and 
33,0 Kcal./mol. 
Prout and Shephard50, in a study of the co-irradiated decomposition 
of barium and strontium azides, also postulated mechanisms on the basis of 
a concurrently occurring photolytic and thermal process. In the case of 
both azides the rate determining step in the photolytic decomposition below 
the range in ·which thermal decomposition occurred was 
(4) 
where M represents the relevant metal. The thermal decomposition process 
as postulated by other workers 1 58 has as its rate determining step 
(electron ~n conduction band of metal) 
TI1e activation energy associated with step (4) was approximately 11,5 
Kcal. /mol. for the two azides and that associated with step (5) was 
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(5) 
approximately 25,5 Kcal./mol. for each azide. 111e value expected for the 
co-irradiated decomposition, in which both steps were proposed to occur 
concurrently, was between these purely thennal and purely photolytic 
values. 111e activation energies obtained experimentally were again depend-
ent on the light intensity and were in the region of 20,0 Kcal./mol. 
In view of the similarity between the activation energies and 
dependence on light intensity for the acceleratory reaction and for the 
decay reaction in the co-irradiated decompositfon at a fixed light intensity, 
the same mechanisms are postulated to occur during the decay period. 111us 
it is proposed that the following mechanism holds during the acceleratory 
and decay periods of co-irradiation: 
(i) Photolytic: hv 
N3 - -+ N3-* (1) +-
hv 
Can 
-+ c + + (2) +- an e 
Ca + + N3 t::. Ca + N3 (3) -+ n n 
N3 + N -* 3 -+ 3N2 + 2 0 + e (4) 
-+ 3N2 + EI + D (5) 
2 El -+ 2 D + Ze (6) 
Can + Ca2 + + 2e -+ Can+1 (7) 
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(ii) Thennal; 
N3 - + Ca(jnetal) ~ N3 + (electron in conduction band of calcium 
metal) (8) 
N3 + N3- -+ 3N2 + 2 D + e (9) 
-+ 3N2 + EJ + D (10) 
2 El -+ 20 + 2e (11) 
Ca n 
+ Ca2 + + 2e -+ Can+l (12) 
The decay reaction was analyzed using the unimolecular decay law. 
This had also been used in the analyses of purely photolytic and thermal 
decompositions. Andreev1 9 7 and l'v1arke 1 9 4 in previous studies of the thermal 
decomposition of calcium azide had also used the unimolecular decay law. 
The use of this law implies that the extensive growth of plate-like nuclei 
has caused a difference in molecular volume between the product and 
reactant phases. This result$ in collapse of the interface leaving isolated 
blocks of material in which no nuclei are present. If each molecule .in 
these isolated blocks has an equal probability for decomposition, then the 
rate of reaction is simply proportional to the amount of substance 
undecomposed. 1his situation is described by the unimolecular decay law. 
Otherworkers1 37,l68 have used the contracting sphere equation in 
analyzing unirradiated or pre-irradiated thermal decomposition. This is 
due to the rapid efficient surface nucleation of the particles, causing 
' 
them to become coated with a layer of product on the surface only. The 
decay reaction corresponds to the penetration of the continuous interface 
into the particles according to the contracting sphere equation. In the 
case of co-irradiation the high intensity light source used causes nuclei 
to fonn on the surface and on the planes of particles resulting in a 
different topochemistry. 
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Introducing water vapour on to the sample at various stages of 
co-irradiated decomposition has shown the same effects as were observed in 
the case of photolysis. At the end of the induction period and at values 
of ex below the inflection point, the water vapour destroyed the metal 
nuclei which had formed on the surface by fanning calciwn hydroxide. The 
subsequent reaction involved a new induction period and a decrease in the 
rate of the acceleratory and decay reactions. The new· reaction commences 
from nuclei in the bulk of the sample which have not been destroyed. The 
new induction period represents the time required for these nuclei to grow 
to critical size and the decreased acceleratory and decay rates are a 
result of the reaction commencing from relatively fewer centres. 
Visual observations were also similar to those made in the case of 
photolysis. The srunple was seen to darken gradually and beyond the inflection 
point was black on all surfaces. 1his was interpreted to indicate that all 
surfaces were covered with a metal layer .. Introducing water vapour beyond 
the inflection point virtually destroyed any subsequent reaction presumably 
due to the fonnation of a coating of calcium hydroxide which is opaque. Jm.y 
subsequent reaction, hmvever small, which occurred is a result of thennal 
decomposition. In all cases of water interruptions the final pressure was 
less than that for an uninterrupted run as a result of the partial hydrolysis 
of the calcium azide. 
(ii) PELLETS 
111e co.:.irradiated decomposition of pelleted calcium azide showed 
similar differences relative to photolyzed pellets as had been observed 
357 
in the comparison of co-irradiated and photolyzed powdered calcium az:lde. 
The induction period shortened, the rate of the acceleratory and decay 
reactions increased considerably and a definite dark rate was observed. 
The decomposition curves were analyzed using the Avrami-Erofeyev equation 
with n = 2 for the acceleratory reaction and the unimolecular decay law 
for the decay reaction. These equations had been used in the photolytic 
decompositions of the powdered azide. Thus the topochemical aspects of the 
co-irradiated decomposition of pellets are identical to those of the powder-
ed form. 
The reproducibility obtained was not satisfactory. Hence a split-
run method was used in an attempt to determine activation energies. This 
proved unsuccessful, however, since at temperatures greater than 105,0°C 
the pellets exploded. Moreover, in cases where the pellets remained 
intact, the dark rate was so great that the pellet decomposed thermally 
while attaining the desired temperature. 
In general it is thought that the discussion pertaining to the 
photolytic decomposition of pelleted calcium azide also applies to the 
co-irradiated decomposition. It is probable that the same mechanisms 
proposed for the co-irradiated decomposition of powdered calcium azide 
are also applicable to the pelleted form. 
I 
11. SUMMARY OF RESULTS AND DISCUSSION 
(i) PHOTOLYSIS OF AZIDES IN IBE POWDERED FORM AT LOW AND AMBIENT TEMPERATURES 
COMPOUND 
Kinetic equations 
used for analyses 
-Inflection Point ai 
Fit of Analyses 
Activation Energies 
(Kcal~ /mol.) 
BaN5 SrN5 CaN5 LiN3 
(i) Induction Period : The rate constant is the inverse of the duration of the induction period 
[-log(l-a)]~ = (ii) AcceZeratory Period: Avrarni-Erofeyev equation: 
(iii) Decay Period : Unimolecular law 
0,32 
(i) AcceZeratory Period 
0,03 < a < 0,32 
(ii) Decay Period 
0,32 < a < 0,90 
Temperature Range 
(iJ -10,0° - ·17,0°C 
Induction Period 0,24 
AcceZeratory Period 0,82 
Decay Period 0,97 
(ii) 17,0° - 35,0°C 
Induction Period 6,48 
AcceZeratory Period 5 ,47 
Decay Period 5,19 
0,43 
I (i) AcceZeratory Period 0,03 < a < 0,43 
I (ii) Decay Period 
0,43 < a < 0,95 
Temperature Range 
.(iJ -80,0° - -4,0°C 
Induction Period 2,38 
AcceZeratory Period 1,58 
Decay Period 0,69 
(ii) -4,0° - 32,0°C 
Induction Period 4,00 
AcceZeratory Period 3,73 
Decay Per·iod 3, 96 
-log(l-a) 
k t + c ace 
= kd t + c. ecay 
0,38 
(i) AcceZeratory Period 
0,03 < a < 0,38 
(ii) Decay Periiod 
0,38 < a < 0,88 
0,43 
(i) AceeZeratory Period 
0,03 < a < 0,43 
(ii) Decay Period 
0,43 < a < 0,96 
Temperature Range Temperature Range 
(i) -70,0° - 7,0°C (iJ -70,0° - -19,0°C 
Induction Period 0,34 Induction Period 3,14 
Acee Zeratory Period 0, 56 Acee Zeratory Period l, 71 
Decay Period 0,42 Decay Period 0,88 
(ii) 7,0° - 22,0°C (ii) -19,0° - 17,0°C 
Induction Period 5;70 Induction Period 4,98 
Acceteratory Period 4,18 AcceZeratory Period 4,25 




Dependence on light 
intensity (m in the 
equation 
k = Im + c ) 
Type of nuclei 
Mechanism 
(i) Induction Period 
(Formation of nucle~ 
Temperature 
(iJ -21,0°c 
Induction Period 2,50 
Acee leratory Period 2, 02 
Decay Period 1,69 
(iiJ 22,0°c 
Induction Period 1,99 
Acee le11atory Period 2, 24 
Decay Period 2,15 
Two-dimensional growth 
of plate-like nuclei 
increasing from a fixed 
number of centres. 
Jvlarked overlap and 
ingestion of nuclei. 
Temperature Range 
(iJ -70,0° - 17,0°C 
hv 
N - + N -* 3 + 3 
hv 
N -* + N -** 3 + 1 3 
Ba2+ + N3- S N3-** 
~ Ba + 3N2 + S 
Temperature 
(iJ -20,2°c 
Induction Period 0,75 
AcceZeratory Period 2,12 
Decay Period 2,35 
(ii) 18,2°C 
Induction Period 2 '71 
AcceZeratory Period 2,22 
Decay Period 
As for barium azide. 
Temperature Range 
(i) -80,0° - -4,0°C 
hv 
N - + N -* 3 + 3 
Sr2+ + N3- S N3-* 
1,69 
!;. Sr + 3N2 + S 
Temperature 
(iJ -20,s 0 c 
Induction Period 1,00 
Acee Zeratory Period 2, 23 
Decay Period 2,00 
(ii) 19,5°C 
Induction Period 1,21 
AcceZeratory Period 2,21 
Decay Period 
As for barium azide. 
Temperature Range 
(i) -70,0° - 7,0°C 
hv 
N - + N -* 3 + 3. 
2,30 
N 3 - S N 3 - * ~ ZN 2 - + N 2 + S 
2N2 - + 2N2 + 2e 
Ca2+ + 2e -+ Ca 
Temperature 
(i-) -19 ,8°C 
Induction Period 1,71 






AcceZeratory Period 1,81 
Decay Period 1,86 
As for barium azide. 
Temperature Range 
(iJ -70,0°C - -19,0°C 
hv 
N3- t N3-* 
hv 
N3-* °:t. N3 -*:~ 
2Li+ + N3- S N3-** 
!;_ 2Li + 3N2 + S VJ VI 
(.Ci 
(i) Induction Periodj(ii) 
(Fonnation of nuclei) 
(cont.) 
17 0° - 35 0°C 
' ' 
N - hv 3 t N3-* 
(ii) AcceZeratory 
Period 
(Growth of nuclei) 
Ba2+ + N3-* S N3-* 
k. Ba + 3N2 + S 
Temperature Range 
(i) -70,0° - 17,0°C 
hv 
N3 - t N3 -* 
hv 
Ba t Ba + + e n n 
Ba+ + N3 ~* S N3-* n. 
6 + Ba + 2N3 + e + S n . 
2N3 + 2N 3- + ZN2- + 4N2 
N2- + N3- t N20 - N3 2 ~ 
N2- + 2N2 + 3N2 + O+ e 
+ 3N2 + [J 
2 (:] + 2 0 + Ze 
(ii) -4 ,0° - 32 ,0°c 
N3 -1\1 N3 -* 
Sr2+ + N3-* S N3-* 
6 + Sr + 3N2 + S 
Temperature Range 




N3 - t N3 -* 
hv 
+ + Sr + Sr + e n n 
+N3-*SN3-* 
~ Sr + ZN3 + e 
n 
+ s 
2N3 + ZN 3- ~ 2N2- + 4N2 
N2- + N3- t N2o - N32-
N2 - + 2N2 + 3N2 + 0 + e 
+ 3N2 + lJ. 
z !J + z o + ze 
(ii) 7,0° - 22,0°C 
N _h:vN-* 3 t 3 
Ca2+ + N3- S N -~: 3 
k. Ca + 3N2 + S 
Temperature Range 
(i) -70,0° - 7,0°C 
+ Can 
hv 
N - + N -* 3 + 3 
hv 
Ca. t Ca + + e 
n n 
-* -* + N3 S N3 
~ Can + ZN3 + e + S 
ZN3 + ZN3 - + ZN2 - + 4N2 
N 2 - + N 3- t· N 2 o - N / -
N2 - + 2N2 + 3N2 + D + e 
+ 3N2 +El 
2 [J + 2 O + Ze 
n n+ 1 n n+ n n+ 1 
(ii) -19,0° - 17,0°C 
N _ hv N -* 3 t 3 
ZLi+ + N3-* S N3-* 
~ 2Li + 3N2 + S 
Temperature Range 
(i) -70,0° - -19,0°C 
hv 
N - + N -* 3 + 3 
hv 
Li t Li + + e 
n n 
L. + + N -* SN -* in 3 3 
~ Li + 2N3 + e + S n 
2N3 + 2N3- + 2N2- + 4N2 
N2- + N3- t N20 - N32-
N2 - + ZN2 + 3N2 + 2Q + 2e 
+ 3N2 + 2t) 
or + 3N2 + OJ +e 
t:J+D+ e 
or [[]-,, 2 O+ e 
L 
Ba + Ba2+ + Ze +Ba Lr + Sr2+ + 2e +Sr 1 Ca + Ca2+ + Ze +Ca . 




( i1'.) AaceZeratory 
Period 
(Growth of nuclei) 
(cont.) 
(iii) Decay Period 
(ii) 17,0° - 35,0°C 
~\) 
N3- + N3-* 
hv 
Ba 't. Ba + + e n n 
+ -* /::, Ba + N3 + Ba + N3 n n 
-* 0 N3 + N3 + 3N2 + 2 + e 
+ 3N2 +El+ [I 
2 8 + 2 o + 2e 
Ba + Ba2+ + 2e + Ba n n+1 
Temperature Range 
(i) -70,0° - 17,0°C 
A continuation of the 
reaction occurring during 
the acceleratory period. 
(ii) 17,0° - 35,0°C 
(iiJ -4,0° - 32,0°C 
hv 
N - t N -* 3 3 
hv 
Sr t Sr + + e 
n n 
hv 
either N -* 't. N -** 3 3 
nrN3 -1:+N -* t N -** + N -l-=- 3 3 3 
Sr+ +N3-** !;_Sr + N3* n n 
N3 * + N3 - ->- 3N2 + 2 O+ e 
->- 3N2 + D +O 
2 EJ + 2 0 + 2e 
Sr + Sr2+ + 2e + Sr . n n+1 
Temperature Range 
(iJ -80,0° - -4,0°C 
A·continuation of the 
(ii) 7,0° - 22,0°C 
hv 
N3 - t N3 -* 
hv 
+ + Ca +Ca +e n n 
·c + N -* t:. C N a + 3 ->-a+1 3 n n 
N3 + N3 -* + 3N2 + 2 0 + e 
+ 3N2 + El+ D 
z G ->- 2 o + 2e 
Ca + Ca2+ + 2e + Ca 
n n+1 
Temperature Range 
(i) -70,0° - 7,0°C 
A continuation of the 
reaction occurring durinll reaction occurring durin& 
the acceleratory period. the acceleratory period. 
(ii) -4,0° - 32,0°C (ii) 7,0° - 22,0°C 
(ii) -19 ,0° - 17 ,0°C 
hv 
N - + N -* 3 + 3 
hv 
Li t Li + + e 
n n 
L . + N -* t:. L" N 1 +13 ->- 1 + 3 n n 
N 3 + N3 - ;': -+ 3N 2+ 2 0 + e 
+ 3N2+ [J + DI 
or -+ 3N2+ [I} 
ti+ D + e 
or ffi+ 2 D + e 
. .+ . Li + Li + e -+ Li n n+1 
Temperature Range 
(iJ -70,0° - -19,0°C 
A continuation of the 
reaction occurring during 
the acceleratory period. 
(iiJ -19,0° - 17,0°C 
A continuation of the A continuation of the 
reaction occurring during reaction occurring during 
the acceleratory period. the acceleratory p~riod. 
A continuation of the 'I A continuation of the 
reaction occurring during, reaction occurring during 




(ii) PHOTOLYSIS OF AZIDES IN 1HE POWDERED FORM AT .AMBIENT AND HIGHER TEMPERAIDRES 
COMPOUND 
Kinetic equations used 
for analyses 
Inflection Point ai 




(i) Induction Period : The rate constant is the inverse of the duration of 
(ii) AcceZeratory Period: 
the induction period 
Arvami-Erofeyev equation: 
iii), Decay Period : Unimolecular law 
0,35 
(i) AcceZeratory Period 
0,01 < Cl. < 0,35 
(ii) Decay Period 
0,35 < Cl. < 0,90 
Temperature Range 
(i) 35,0° - 60,0°C 
Induction Period 7,78 
AcceZeratory Period 7,30 
Decay Period 4,67 
(ii) 60,0° - 95,0°C 
Induction Period 10 ,so 
[-log(l-a.)]~ = k t + c ace 
-log(l-a.) = kd t + c ecay 
0,25 
(i) AcceZeratory Period 
0,01 < Cl. < 0,25 
(ii) Decay Per•iod 
0,25 < Cl. < 0,90 
Temperature Range 
(i) 24,6° - 71,8°C 
Induction Period 6 ,10 
Acee Zeratory Pe1~iod 4, 2 O 
Decay Period 3,20 
(ii) 71,8° - 170,0°C 
Induction Period 11,50 
AcceZeratory Period 12,52 AcceZeratory Period 9,90 






Dependence on light intensity 
(m in the equation 
k = Im + c) 
Type of nuclei 
Mechanism 
(i) Induction Period · 
(Formation of nuclei) 
Temperature 
(i) SS,0°C 
Induction Period 1,46 
AcceZeratory Period 1,70 
Decay Period 2,00 
(ii) 90,0°C 
Induction Period 0,99 
AcceZeratory Period 0,84 
Decay Period ·o,90 
1\vo-dimensional growth of plate-like 
nuclei, increasing from a fixed 
mmiber of centres . Marked overlap 
and ingestion of nuclei. 
.Terrtperatur? Range 
(i) 35,0° - 60,0°C 
hv 
N3-* :t N3 -* 
Ca2+ + N3 - S N3 -* .~ Ca + 3N2. + S 
(ii) 60 0° - 95 0°C 
. ' ' 
hv 
N3-!N3-* 
Ca2+ + N3- ~Ca++ N3 
Temperature 
(i) 30,0°C 
Induction Period 1,54 
AcceZeratory Period 1,81 
Decay Period 1,86 
(ii) 127,0°C 
Induction Period 1,14 
AcceZeratory Period 1,14 
Decay Period 
As for calcium azide. 
Temperature Range 
(i) 24,6° - 71,8°C 
hv 
- ->- ' -* N3 + N3 . 
1,18 
2Li++N3 -*SN 3 -l1: ~ 2Li + 3N2 + S 
(ii) 71,8° - 170,0°C 
\) 
N3-"tN3-i: 





(i) Induction Period 
(Formation of nuclei) (cont.) 
(ii) Acceleratory Period 
(Growth of nuclei) 
..-... 
N3 + N3-* + 3N2 + e 




N - + N -* 3 +- 3 
hv ->- + Ca +- Ca + e n n 
+ * ~ Ca + N3- Ca + N3 n n 
* D N3 + N3- + 3N2 + 2 + e 
+ 3N2 + El+ D 
2 tJ +. 2 D + ze 
Ca + Ca2+ + 2e + Ca 
n n+l 
(ii) 60,0° - 95,0°C 
hv 
N3 - t· N3 -* 
hv 
Cant Can+ + e 
+ . - D. 
Ca + N 3 + Ca + N 3 n n 
(i) 
N3-* + N3 + 3N2 + e 
L .+ L. 1 +e->- 1 
Temperature Range 
24,6° - 71,8°C 
hv 
N - + 3 +-
hv 
Li "!. n 
N -* 
3 
Li + + e 
n 
Li++ N3-* ~ 
n Lin + N3 
Li 
n 
-* N3 + N3 + 3N2 + 2 D + e 
+ 3N2 + El+ D. 
tJ+O+e 
+· + Li + e + Lin+1 
(ii) 71,8° - 170,0°C 
hv 
N3 - "!. N -~: 3 
hv 
Lin + L. + +- i + e -n 
. + -
Lin + N3 ~ Li + N3 (..N a-
~ 
(-z:i) Acee Zeratory Period 
(Growth of nuclei) (cont.) 
(iii) Decay Period 
N3 + N3 -* + 3N2 + 2 D + e 
+ 3N2 +El+ D 
2 El+ 2 [! + Ze 
Ca + Ca2+ + Ze + Ca n n+1 
(i) 
Temperature Range 
35,0° - 60,0°C 
A continuation of the reaction 
occurring during the acceleratory 
period. 
(ii) 60,0° - 95,0°C 
A continuation of the reaction 
occurring during the acceleratory 
period. 
(i) 
N3 + N3 -* + 3N2 + 2 D + e 
+ 3N2 + 2 El+ D 
EJ+ 0 + e 
Li + Li+ + e + Li n n+1 
Temperature Range 
24,6° - 71,8°C 
A continuation of the reaction 
occurring during the acceleratory 
period. 
(ii) 71,8° - 170,0°C 
A contiuation of the reaction 




(iii) CO-IRRADIATED DECOMPOSITION OF CALCIUM AZIDE PHOTOLYSIS OF CALCIUM AZIDE 
FORM POWDERED CaN6 . PELLETED CaN6 PELLETED CaN6 
Kinetic equations 
used for analysis 
(i) Induction Period : The rate constant is the inverse of the duration of the 
Inflection Point a.. 
1 
Fit of analyses 
Activation Energies 
(Kcal./mol.) 
(ii) AcceZeratory Period: 
(iii) Decay Period : 
-
0,52 
(i) AcceZeratory Period 
0,05 < a < 0,52 
(ii) Decay Period 
0,52 < a. < 0,95 
-
Temperature Range 
110 0° - 140 0°C 
' ' 
(iJ Intensitr 7,0 units 
Induction Period 21,31 
AcceZeratory Period 24,01 
Decay Period 27,51 
induction period 
Avrami-Erofeyev equation: 
Unimolecular law : 
0,44 
(i) Acceleratory Period 
0,02 < a. < 0,44 
(ii) Decay Period 







[-log(l-a.)] 2 = k t + c ace 
-log(l-a.) - k t + c - decay 
0,27 
(i) Acceleratory Period 
0,01 < a. < 0,27 
(ii) Decay Period 
0,27 < a. < 0,90 
Temperature Range 
(i) 25,0° - 50,0°C 
Pelleting pressure 1500 lb./sq.in. 
Induction Period 6,39 
Acceleratory Period. 7,07 
Decay Period 12,11 
L L J_ lg: 
Dependence on light 
intensity (m in the 
equation 
k = Im + c) 
Type of nuclei 
(ii) Intensity 11,5 units 
Induc-t;ion Period 20, 65 
AcceZerato:ry Period 22,64 
Decay Period 25,60 
(iii) Intensity 17,5 units 
Induction Period 14, 04 
Acceteratory Period 23,18 




Induction Period 0,61 
AcceZeratory Period l,02 
Decay Period l,07 
Two-dimensional growth of 
plate-like nuclei, 
increasing from a fixed 
number of centres. Marked 
overlap and ingestion of 
nuclei. 
(i) Probably as for 
co-irradiated calciUJn 
azide powder. 
(ii) The mechanism for 
co-irradiated decomposi-
tion of pelleted calcium 
azide is probably as for 
the powder as outlined 
(iiJ 30,-0° - 60,0°C 
Pelleting pressure 1500 lb./sq.in. 
Decay Period (30,0 units) 12,87 
Decay Period (41,0 units) 15,34 
Pelleting pressure 2000 lb./sq.in. 
Decay Period (41,0 units) 12,25 
(iiiJ 60,0° - 90,0°C 
Pelleting pressure 1500 lb./sq.in. 
Decay Period (30,0 units) 22,75 
Decay Period (12,0 units) 26,06 
Pelleting pressure 2000 lb./sq.in. 
Decay Period (15,0 units) 22,75 
As for powdered calciUJn azide. 




(i) Induction Period 
(Fonnation of nuclei) 
(ii) Acceleratory Period 
(Growth of nuclei) 
iii) Decay Period 
Temperature Range 
The following two 
110,0° - 140,0°C 
processes occur concurrently: 
(i) ZN 3 - ~ ZN 3 + Ze 
(ii) i hv N - -+ 3 + N3 -* 
Ca2 + + Ze ->- Ca Ca2+ + N3- ~Ca+ + N3 
-* N3 + N3 -+ 3N2 + e 
ca+ + e -+ Ca 
(i) N3 - + Ca(metal) (ii) hv 
N3- :t N3-* 
{j . 
-+ N3 + electron in the 
conduction band of 
calcium metal. 
N3 + N3 - -+ 3N2 + Z D + e 
->- 3N2 + EJ + 0 
Z El-+ Z D + Ze 
Ca + Ca2+ + Ze -+ Ca n n+1 
hv 
Ca :t Ca + + e n n · 
Ca + + N3 - . ~ Ca + N3 n n 
N3 + N3-*-+ 3N2 + 2 [I+ e 
-+ 3N2 + [] + D 
Z []-+ Z D + Ze. 
Ca + Ca2+ + Ze -+ Ca 
n n+l 
A continuationof the reactions occurring during the acceleratory 
period. 
Assumed to be the 
same as that occurring 
during the correspond-




(iv) 1HERMAL DECCMPOSITION OF AZIDES 
COMPOUND 
Kinetic equations 
used for analyses 
Inflection point ai 




(i) Induction Period : The rate 
(ii) 
(iii) 
constant is the inverse of the 
duration of the induction period 
AcceZeratory Period: Avrami-Erofeyev 
equation: [-log(l-a)]~ = k t + c ace 
Decay Period : Unirnolecular 
law: -log(l-a) = kd t + c ecay 
0,40 
(i) Acceteratory Period 
0,05 < a < 0,40 
(ii) Decay Period 
0,40 < a < 0,95 
Tenrpe1:'ature Range 
(i) 100,0° - 126,8°C (Fresh material) 
Induction Period 21,70 
Aaaeteratory Period 27,30 
Decay Period 26,16 
I 
LiN317'4 
(i) Induction Period : The rate 
constant is the inverse of the 
duration of the induction period 
(ii) Acaeleratory Period: Avrami.-Erofeyev 
equation: [-log(l-a)] 1h = k ct + c ac 
(iii) Decay Period : Contracting sphere 
equation: l-(1-a)
1
13 = kdecavt , 
0,50 
(i) Acceteratory Period 
0,02 < a < 0,50 
(ii) Decay Period 
0,50 < a < 0,95 
Temperature Range 
(i) 185;0° - 205,0°C 
Induction Period 21,0 
Acceteratory Period 28,0 





(ii) 110,0° - 137,2°C (Aged material) 
induction Period 18,94 
Acceleratory Period 25,94 






12 COMPARATIVE DISCUSSION OF THE PHOTOLYTIC,, CO-IRRADIATED 
AND THERMAL DECOMPOSITION OF CALCIUM,· BARIU~t STRONTIUM 
ru~n LITHIUM AZIDES 
In Table 47 the values of the activation energies and the molecular-
ities in the photolytic, co-irradiated and thermal decomposition of calciun1, 
barium, strontium and lithium azides obtained in both the present work and 
by previous workers are listed._ The values for photolytic and co-irradiated 
decomposition are of particular interest because they have been obtained 
using ultraviolet sources of extremely high intensity causing, in most 
instances, remarkably high percentage decompositions. 
A study of the activation energies reveals that these values increase 
with increasing temperature. In various temperature ranges different 
mechanisms are proposed to occur. In all four azides the first transition 
in activation energy occurs in the region of 0°C and the second in the 
regionof 60°C. At the same time the dependence of the rate of the reaction 
on the light intensity (molecularity) changes, in general, from 2 at lower 
temperatures to 1 at higher temperatures. This implies that at higher 
temperatures mechanisms involving singly excited azide ions together with 
increased activation energies are applicable to the process of photolytic 
decomposition. In virtually all cases the values of molecularity·and 
activation energy obtained for the acceleratory and decay reactions were 
identical or similar and hence the same mechanisms are thought to be opera-
tive during these two periods. 
The pressure-time curves were sigmoid in shape in all temperature 
ranges. Each curve showed a distinct induction period during which there 
was no measurable evolution of gas. This was followed by an acceleratory 
and decay period. The inverse of the duration of the induction period was 
taken as a measure of the rate of reaction during this period. The 
372 
acceleratOY)' reaction was in all cases analysed using the Avrami-
Erofeyev equation with n = 2 and the decay reaction was analysed using 
the unimolecular law. This implies that during photolysis of all four 
azides the nuclei are plate-like in nature growing two-dimensionally from 
a fixed number of centres. There is marked overlap and ingestion of nuclei. 
During the induction period atoms form on the surface and on the planes of 
of the crystal, each plane starting at the surface at an emergent grain 
boundary. Eventually nuclei form by aggregation at the end of this period. 
A comparison of the values obtained for the azides of the alkaline-
earth elements with those of the azides of monovalent lithium do not 
indicate that the mechanisms of photolysis are related to the charge or 
nature of the cation. All four compounds are, however, large band gap 
azides. Moreover there appears to be no correlation between the process of 
photolytic decomposition and crystal stn1cture. Calcium and strontium 
azides have identical structures (orthorhombic, F ddd, D24 ) and barium and 
2h 
lithium azides are both monoclinic. No similar correlations exist in the 
corresponding values of activation energy and molecularity.· These crystal 
structures are, however, not very different from eacJi other and they may 
account for the general overall similarities of activation energies and 
molecularities. 
Co-irradiation studies yielded activation energies which were greater 
than those obtained for photolysis in the higher temperature ranges but less 
than those obtained during a purely thermal decomposition. This implied 
that during co-irradiation two parallel mechanisms were taking place - one 
photolytic and one thermal. 
Therefore it can be concluded that a large number of similarities are 
observed when calcium, barium, strontium and lithium azides are photolyzed 
using sources of high intensity ultraviolet light and, in general, similar 
mechanisms of photolytic and co-irradiated decomposition are postulated 




Photolysis Activation Energy 
(Kcal./mol.) 
(i) Low Temperature 
(-ii) Ambient Temperature 
(iii) High Temperature 
Dependence on Light 
Intensity 
(i) Low Temperature 
Activation energies and molecularities for all four azides 
Calcium Azide Barium Azide Strontium Azide 
Induction Period 0,3 0,2 2,4 
Acceleratory Period 0,6 0,8 1,6 
Decay Period 0,4 1,0 0,7 




Acceleratory Period 7,3 7,6 3,2 
Decay Period 4,7 6,6 5,7 




Acceleratory Period 12,5 11,3 12,9 
Decay Period 17,4 12,9 12,9 
Induction Period 1,0 2,5 0,7 
Acceleratory Period 2,2 2,0 2,1 













1,7 J V-1 '-] ..,.. 
Photolysis (ii) Ambient Temperature Induction Period 1,2 
(cont.) 
AcceZeratory Period 2,2 
Decay Period 2,3 
(iii) High Temperatures Induction Period 1 0 ' . 
Acceleratory Period 0;8 
Decay Period 0,9 
Co-irradiation Activation Energy Induction Period 14,0 
(Kcal./mol.) Acceleratory Period 23,2 
Decay Period 21,2 
Dependence on Light Induction Period 0,6 
Intensity Acceleratory Period 1,0 
Decay Period 1,1 
Thermal Activation Energy Induction Period 21,7 
Decomposition (Kcal./mol.) Acceleratory Period 27,3 






























































· Percentage (i) Photolysis (i) Low Temperature 62% 
Decomposition (ii) Ambient 
Temperature 90% 
(ii) Co-irradiation 91% 
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